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Preface 



This book is not, and does not pretend to be, a substitute for a 
comprehensive anesthesia textbook. It is a nod to the reality that 
anesthesia has a steep learning curve and that learners need a 
concise, memorable introduction that will not induce anesthesia 
in its readers. In writing it, I have tried to leave out things not 
necessary for starting anesthesia training: the detailed studies, 
the intricacies of pharmacology, the physics of how our machines 
work. All are interesting to learn; all are necessary if the reader is 
to make a career of anesthesia. But everything has its time, and 
the time for those things is . . . not just yet. Right now, we're at the 
beginning. You're new, you're confronted with what appears to 
be an entire pharmacy of drugs and a machine straight out of 
science fiction, and you'd like to make the whole thing a bit less 
mystifying. I can help. 

Let me start with a brief word about anesthesia itself and 
about our culture. You may be used to rotations like internal 
medicine or pediatrics where changes often happen slowly and 
where important decisions are generally made after consulta- 
tion with at least one or two other physicians — if not the entire 
team. In this regard anesthesia is more like surgery; a patient's 
condition can change radically from minute to minute, and by 
necessity we have learned to work independently. Even when 
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there are multiple anesthesia staff in one room, we often divide 
tasks at the beginning of a case and then carry them out individ- 
ually: one might handle the airway, another the arterial line, a 
third the central line. On the other hand, we also have to know 
not only the pharmacology of our drugs but also how they will 
interact with a patient's other medications and with his or her 
unique physiology. In that regard, we are more like internists. 
You might say that anesthesia is a bridge between internal med- 
icine and surgery — to which we would say it's the best of both 
worlds! 

There's another difference between the operating room team 
and a medical team. While a typical academic medical team has 
numerous members who are all from the same specialty and 
who make decisions together, each person in the operating room 
has his or her own defined specialty. Apart from the anesthesi- 
ologist and the surgeon(s), there will also be a scrub nurse (who 
"scrubs in" to supply the surgeon with sterile instruments and 
equipment) and a circulating nurse (who handles all nonsterile 
nursing tasks in the room). There may also be an anesthesia tech- 
nologist to assist you. Working together efficiently will require a 
good understanding of each person's roles and responsibilities. 

Because of our specialty's unique nature, we also came to 
have a unique (some might say quirky) culture. One wiseguy 
said that anesthesia is a stiff specialty: you're either bored stiff 
or scared stiff. While we hope that neither will be the case while 
you're with us, it's certainly true that for a stable patient, a great 
deal of time is spent simply observing the patient and monitors 
to ensure a good physiological status quo: "cruise control," in 
our slang. This silent vigilance leads to a stereotype of anesthe- 
siologists as laid-back, relaxed physicians who don't appear to 
do much work — but as any police officer or soldier can tell you, 
preventing trouble isn't as easy as it might look. As for other 
cases being simple and leisurely, wait until you see us work on 
a coronary artery bypass graft (CABG), a transplant, a trauma, 
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or some similarly complex case! That's the other side of our "stiff 
specialty" — patients whose condition changes several times a 
minute, whose blood pressure is barely acceptable even on max- 
imal pressor support, whose airway management demands both 
skill and creativity. 

Attention and focus are two more areas where anesthesia 
differs from other specialties. Most other specialties have multi- 
ple patients on service at one time, slowly recovering from one 
condition or another; you might have learned to make cards 
to keep track of issues on each of your patients. Unless you are 
an attending supervising certified registered nurse anesthe- 
tists (CRNAs) and residents, your entire "service" consists of 
the patient in front of you. On the other hand, you may have 
many tasks to do at once: monitoring your patient, making any 
necessary changes, charting the patient's vitals and your inter- 
ventions, planning for emergence and post anesthesia care unit 
(PACU) transfer, and preparing equipment and medications 
for the next case. It is important to be able to do all of these in 
smooth succession without becoming distracted or inefficient; 
this becomes especially important in the fast-paced world of 
brief outpatient surgeries. 

Speaking of attention, we don't get much of it as long as things 
are going well. In fact, if we're doing our jobs well, most patients 
won't remember much about their anesthesia care other than the 
preoperative consult. Our job, therefore, is to be the unsung heroes 
of the OR, quietly guarding our patients both from wakefulness 
and from physiological derangements. But don't let that fool you: 
seeing a patient's "reanimation" (as our predecessors called it) at 
the end of a well-conceived and elegantly performed anesthetic is 
one of the great pleasures of medicine. Welcome to anesthesia! 
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The Anatomy of an 
Anesthesia Machine 

In Words Normal People 
Can Understand 



Let's start with the largest and most noticeable thing you'll 
deal with in the operating room (OR): the anesthesia 
machine. Although it looked like NASA mission control 
to each of us the first time we saw it, you'll be surprised how 
quickly it will make sense if you think about each part as an 
individual unit before considering the machine as a whole. Let's 
break down the anesthesia machine shown in Figure 1 . 1 by what 
each of its parts does. 

The breathing circuit attaches to the face mask or endotra- 
cheal tube; the ends of each (where they meet) are a standardized 
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Figure 1.1. A typical anesthesia machine. 
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15 mm diameter to make this possible. Unless we want the 
patient to breathe plain room air, we need a way of measuring 
out other gases; that's where the gas-flow adjustment comes in. 
It has three knobs: oxygen (0 2 ), nitrous oxide (N 2 0), and air. 
Notice that the oxygen knob is different from the other two so 
that you can identify it by feel; the flow increases when you turn 
it counterclockwise and decreases when you turn it clockwise. 
(To remember: "Righty, tighty, lefty, loosey.") The metal float 
that moves within a calibrated column to measure your gas flow 
is called a bobbin, and the top of the bobbin is generally where 
you read the flow rate. 

A key safety feature is built into all modern anesthesia 
machines. If you try to give the patient a hypoxic gas mixture 
(i.e., less than 21% oxygen), the machine won't let you. Air is 
21% oxygen, so it can't make the mixture hypoxic, but you can 
only give so much nitrous oxide for each liter of oxygen you sup- 
ply. If you try to turn up the nitrous oxide beyond that point, one 
of two things will happen, depending on how your machine is 
designed. Either the nitrous oxide won't go up any further or the 
oxygen will automatically increase with it. Both choices are safe 
and acceptable. 

There's one more important safety feature in this part of the 
machine, and it's related to the first one. Merely linking the oxy- 
gen and nitrous oxide flow controls at a certain ratio isn't safe 
enough; what if the oxygen supply to the anesthesia machine 
were to fail for some reason, allowing only nitrous oxide to flow? 
The fail-safe valve protects the patient in this scenario by stop- 
ping the flow of all gases if the oxygen fails. It also sounds an 
audible alarm to alert the anesthesiologist, who can then turn on 
the backup oxygen while diagnosing the problem. (We'll learn 
more about this type of scenario later, in Chapter 12). 

For most procedures, you will also give a volatile anesthetic. 
We'll learn more about nitrous oxide and the volatile agents in 
Chapter 3; for now, we're going to focus on how we give them 
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to the patient. Volatile agents are added to the breathing circuit 
with a vaporizer. As the name suggests, this device vaporizes 
volatile anesthetic liquids in a controlled fashion. Each one has a 
dial on top to select the desired gas concentration, a gauge on the 
front to let you know much liquid anesthetic remains, and some 
means of refilling it. 

We've decided what we want to give the patient, but we need 
to confirm that this is what he or she is getting; that's the gas 
analyzer's job. The gas analyzer looks at the concentration of 
oxygen, nitrous oxide, carbon dioxide, and volatile agents; a 
modern unit can identify each of these by itself. It should give 
you both the inspired (Fj) and exhaled (ET, for end-tidal) con- 
centrations of each gas it detects. A detailed explanation of how 
the gas analyzer works is beyond the scope of this book, but 
briefly, it continually samples a small volume of gas (about 150 
mL/min) through the little tube connecting it to the breathing 
circuit. This sample of gas is analyzed by mass spectrometry or 
other techniques to determine what its contents are. Most gas 
analyzers also allow the concentrations to be graphed; the shape 
of the curve on the C0 2 graph is particularly useful in telling us 
more about the patient's respiratory status. Figure 1.2 shows a 
few common C0 2 curves. 

A normal curve starts close to zero, ascends as shown, then 
descends to baseline. The curare notch, indicating that the mus- 
cle relaxant is starting to wear off, shows that the diaphragm 
is beginning to move spontaneously as the ventilator cycles. 
A baseline that rises above zero shows that C0 2 is remaining in 
the patient's gas mixture, indicating either an exhausted C0 2 
absorber or a bad valve. Last, a slow rise in end-tidal C0 2 indi- 
cates an obstruction as the patient exhales — most typically bron- 
chospasm, as would be seen with asthma. 

By this point we know what the patient is breathing — or, 
more accurately, what he or she is receiving, since most patients 
also receive a muscle relaxant that requires us to breathe for 
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Figure 1.2. Four example C0 2 curves. 
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them either manually or with a ventilator. The manual system 
is relatively simple; aside from the tubing, there is a reservoir 
bag to hold gases and two valves (inspiratory and expiratory) 
to regulate the direction of gas flow. The inspiratory valve lets 
gases flow into the inspiratory limb of the breathing circuit and 
from there to the patient. The expiratory valve lets the patient 
exhale passively. The gases are then routed through the carbon 
dioxide absorber, allowing the patient to rebreathe the gas mix- 
ture without becoming hypercarbic; we'll see later why this is so 
useful. Finally, the gases enter the reservoir bag again, and the 
patient can take (or be given) another breath. 

If one or both of the valves fails, gas flow occurs in a "back- 
and-forth" fashion, with the patient rebreathing gases that have 
not passed through the C0 2 absorber. We'll see how to guard 
against this in the chapter on checking the machine, but if a 
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valve fails during a case, we can push gas flow in the right direc- 
tion simply by turning up the fresh gas flows. 

There's one more component in the manual system that 
bears special notice. It is formally called the automatic pres- 
sure-limiting (APL) valve but is often referred to as the "pop-off 
valve." The APL valve, as its name suggests, releases pressure 
above a preset level into the gas scavenging system (which we'll 
see in a moment). When patients are breathing spontaneously, 
we leave it open as they do not need positive pressure; when we 
are ventilating them by squeezing the reservoir bag, we close 
the valve partway to allow positive pressure. Be sure that you 
do open the valve when not ventilating the patient lest the lungs 
become hyperinflated and keep the heart from filling. 

What about when we switch from manual to mechanical 
ventilation? You can think of this as simply automating the task 
of squeezing a gas-filled bag connected by tubing to a patient's 
lungs. All modern ventilators create positive pressure, pushing 
air into the lungs and then passively allowing the patient to 
exhale it. To use a ventilator, we must first intubate the patient; 
prolonged positive-pressure ventilation with a mask is not 
advisable since the risk of inflating the stomach is too high. The 
endotracheal tube addresses this risk with a cuff that inflates 
between the tube's lumen and the wall of the trachea, isolat- 
ing the lungs and bronchi from the pharynx and esophagus 
and effectively preventing gastric insufflation. We'll learn more 
about how to place endotracheal tubes safely and reliably in the 
airway chapter. 

There are multiple types of ventilation, but the most basic 
mode found on modern anesthesia machines is called volume- 
controlled ventilation. In this mode, the ventilator tries to give a 
preset volume of gas with each breath, regardless of how much 
pressure is required to do so. The anesthesiologist sets the desired 
number of breaths per minute and also sets what portion of the 
breathing cycle should be used for inspiration and expiration. 
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(The ratio of inspiration and expiration, which is what we set, 
is termed the I:B ratio). Newer machines also allow pressure- 
controlled ventilation, in which the ventilator creates a certain 
preset amount of positive pressure with every breath; in this 
mode, the volume can vary widely but the pressure should not 
rise above the preset value. Pressure-controlled ventilation is 
handy in laparoscopic and prone surgery because it allows us to 
move more air at a given pressure; both of those types of surgery 
tend to cause higher-than-normal airway pressures, so we want 
to avoid increasing them further than necessary. 

There's another mode that isn't a ventilation mode, but could 
be termed a breathing mode: CPAP, or continuous positive airway 
pressure. In CPAP mode, the ventilator provides a constant posi- 
tive pressure to "splint" the airway open during exhalation when 
it can otherwise collapse and obstruct. We also use it as the patient 
is starting to breathe again at the end of a case to counteract the 
resistance of breathing through an endotracheal tube (think of 
breathing through a straw). BiPAP, or bi-level positive airway 
pressure, is a more advanced form of CPAP that can provide respi- 
ratory support by giving additional positive pressure when the 
patient initiates a breath. When a patient is mechanically ven- 
tilated, positive end-expiratory pressure (PEEP) is an option; it 
can be thought of as CPAP at the end of each positive-pressure 
breath. CPAP, BiPAP, and PEEP all improve oxygenation and gas 
exchange by preventing alveoli from collapsing. 

Let's pause for a moment and consider the parts of the ventila- 
tor. An electronically controlled bellows, driven by high-pressure 
oxygen or air, forces gases through the breathing circuit and into 
the lungs. (The pressure is always provided by oxygen or air rather 
than other gases so that a leaky bellows can't create a hypoxic 
gas mixture.) The anesthesia machine can modulate the bellows 
pressure electronically, allowing us to use the different ventilation 
modes described above. The electronics are too specialized to dis- 
cuss fully here but can be thought of as a computer that measures 
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a few variables (airway pressure, gas volume administered and 
exhaled) and then adjusts the pressure and timing of each breath 
based on its data and its programmed knowledge of gas physics. On 
the newer machines, you will see the administered volume rise 
progressively with the first few breaths as the machine "learns" 
the patient's physiology — more specifically, as it establishes his or 
her lung compliance empirically. 

Regarding the design of the bellows itself, a modern machine 
always has an ascending bellows (meaning that it rises as it fills) 
so that a circuit disconnect will make it collapse visibly. Obsolete 
machines used a "hanging bellows" that descended as it filled; 
this meant that gravity would make it appear to function nor- 
mally even if the breathing circuit were completely disconnected 
from the patient. The ascending bellows is more than a conve- 
nience; it is an important safety feature. 

With all this talk of adding gases to a system that appears 
airtight, you might well wonder what prevents the pressure from 
rising indefinitely. This is the job of the pressure relief valve. 
Connected between the breathing circuit and the waste-gas 
scavenging system, the pressure relief valve diverts excess gas to 
maintain a normal pressure in the circuit. It is connected to the 
waste-gas scavenging system instead of being vented to room air 
to avoid polluting the operating room with anesthetic gases. The 
waste-gas scavenger operates on an adjustable vacuum and has a 
reservoir bag. Two more pressure valves protect the patient from 
misadjustment of the vacuum system. The first, a positive-pres- 
sure relief valve, vents scavenged gases to the room if too much 
pressure builds up. The second, a negative-pressure relief valve, 
also does what its name suggests: it prevents negative pressure 
(i.e., a vacuum) from developing in the breathing system and 
causing negative-pressure pulmonary edema. 

There is one last thing to consider about ventilation. Normally, 
we breathe room air that has a certain percentage of moisture in 
it and our noses humidify it further before it reaches our lungs. 
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The gases in our machines are delivered at 0% humidity (air is 
either dehumidified or reconstituted from dry medical-grade 
nitrogen and oxygen) and once a patient is intubated, his nose 
can't do anything to help. This isn't just uncomfortable; it dehy- 
drates the patient and contributes to heat loss during surgery. 
We address this problem by adding a humidifier to the system; it 
looks like a mesh filter placed between the breathing circuit and 
the endotracheal tube, and it functions to retain exhaled humid- 
ity. Since this "artificial nose" effectively humidifies each breath 
we give, dehydration and heat loss from dry gases are minimized. 
We remove this humidifier from the breathing circuit before let- 
ting the patient breathe spontaneously at the end of the case 
because it contributes significantly to resistance in the circuit. 

We've talked about respiration in detail; now let's look at 
how we keep track of the vital signs. The monitor, while not 
formally part of the anesthesia machine, is always used along- 
side it. In modern anesthesia, we speak of the "ASA standard 
monitors" defined by the American Society of Anesthesiologists 
(ASA). These monitors, the minimum for any general anesthetic, 
include the following: 

• Pulse 

• Electrocardiogram (ECG) 

• Blood pressure 

• Pulse oximetry 

• Oxygen percentage in the gas mixture (discussed above) 

• Temperature (becoming standard-of-care) 

The monitor can calculate the pulse from the ECG or the 
pulse oximetry signal — the former depending on the (almost 
always correct) assumption that each QRS complex corresponds 
to an actual ventricular contraction. You can tell which signal 
the monitor is using to calculate the pulse by looking at the color 
in which the pulse is displayed; each signal is typically shown in 
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a different color, and the displayed pulse will match the color in 
which its "source" is displayed. 

The ECG is a tracing of the heart's electrical activity, used to 
detect dysrhythmias and myocardial ischemia. No specific ECG 
lead is mandated by the ASA guidelines, but we tend to use leads 

11 and V 5 . Why those two? The axis of lead II goes across the atria, 
giving the highest voltage for the P wave and helping us to detect 
any rhythm abnormalities. Lead V 5 is well placed to catch lateral 
or anterior wall ischemia; since lead II can pick up inferior wall 
ischemia, leads II and V 5 together can provide at least some mon- 
itoring for most of the heart. 

Blood pressure can be monitored in two ways: invasively or 
noninvasively. Unless the surgery is major or the patient is delicate, 
blood pressure is generally monitored noninvasively with a cuff 
applied to the arm or leg. It can be done manually, by auscultating 
the Korotkoff sounds (listening to the pulse) with a stethoscope 
as the cuff is inflated and deflated by hand, but our automated 
blood pressure measurements save a lot of time and effort. These 
work by inflating and deflating while monitoring oscillations 
(up-and-down movements) in cuff pressure. As the cuff deflates, 
oscillations increase markedly when the cuff pressure decreases 
below systolic blood pressure; the oscillations reach their maxi- 
mum when the cuff pressure matches the mean arterial pressure, 
then drop off. The machine then uses preprogrammed math to 
calculate a diastolic blood pressure and displays all three: systolic, 
diastolic, and mean. 

There's another way of measuring blood pressure. It's more 
invasive, but it's the gold standard for accuracy. An arterial line 
is a small-bore catheter (like an IV) placed into an artery; the 
radial and femoral arteries are the two most popular sites. It is 
connected to a pressurized bag of saline with a special fitting that 
allows a very slow infusion of fluid to prevent clotting. The tub- 
ing, which doesn't stretch, transmits pressure waves with each 
beat of the heart; a transducer placed along the tubing (at the 
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height of the left atrium) converts those pressure waves to digital 
information. The monitor then applies its algorithms to compute 
the blood pressure from that information. The advantages of an 
arterial line are many: 

• Blood pressure monitoring is continuous, with every beat 
of the heart. This makes it perfect for patients who cannot 
tolerate even brief periods of hypotension, such as those 
with coronary artery disease or renal insufficiency. 

• Blood pressure can be monitored effectively even in the 
context of dysrhythmias, whereas some cuff systems 
require a regular rhythm. 

• Blood pressure can be measured even when the patient 
is very hypotensive; extremities don't generally have a 
great pulse below a systolic blood pressure of 90, and poor 
extremity perfusion leads to inaccurate cuff readings. The 
blood pressure can even be measured when the pulse is 
absent, as occurs with circulatory bypass. This makes the 
"art line" a perfect choice when we are planning to make 
the patient hypotensive or expecting large changes in 
blood pressure. 

• Blood can be sampled repeatedly for arterial blood gas 
( ABG) analysis without the need for multiple needlesticks. 
Almost any lab test that can be done with venous blood gas 
can also use the blood from an arterial line. 

Being able to start an arterial line is a very useful skill; while 
there's no substitute for experience, we'll learn the basic tech- 
nique later, in Chapter 9. 

Pulse oximetry is another key monitor that has revolution- 
ized anesthesia. Before pulse oximetry was invented, oxygenation 
could be assessed only through crude measures like observing a 
patient's lips and fingernails for signs of cyanosis. This depended 
on subjective assessments of color, introducing a source of error. 
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It also meant that subtle changes were not consistently noticed. 
Automated pulse oximetry addresses all of these problems. 

A pulse oximeter works on an elegantly simple principle. 
If you've ever tried shining a flashlight through your thumb to 
see it glow, you know that it glows red; the red color is from 
the oxygenated blood flowing through it. Oxygenated blood is 
bright red, and deoxygenated blood is dark red; going back to 
college physics, this means that they absorb light at different 
wavelengths. A pulse oximeter simply shines two frequencies of 
light into a finger — the 660 nm red light that deoxyhemoglobin 
absorbs best, and the 940 nm near-infrared light that oxyhemo- 
globin absorbs best. It then analyzes what percentage of each fre- 
quency is absorbed and uses its built-in algorithms to calculate 
the ratio of oxygenated to deoxygenated blood; using this, it can 
display the percentage of oxygenated blood, or Sp0 2 . 

Temperature is not quite as self-explanatory as it sounds: 
what we want to know is not simply a surface temperature, 
which will be reliably hypothermic for an exposed patient in a 
cold OR, but rather the core temperature — the temperature at 
which the internal organs are functioning. Esophageal tempera- 
ture is a good measure of core temperature; if this is too invasive 
for a given surgery, a nasal temperature is a reasonable approxi- 
mation. This can be measured by removing the adhesive portion 
of a skin temperature probe, then holding it by its wire (so that it 
can advance only when no resistance is present) and pushing it 
into one nostril. The adhesive portion can then be used to secure 
the wire to the cheek. 

Almost all patients lose body heat in the operating room for 
multiple reasons. First, the room itself is cold (so the surgeons 
don't get too warm in their sterile gear) and large areas of the 
patient are exposed; you can imagine how you'd feel if you were 
to lie motionless in a 60° F room in shorts. Second, the surgery 
itself causes heat loss; when the body is opened for surgery, evap- 
orative cooling adds to the effect of the cold room. Third, volatile 
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anesthetics cause peripheral vasodilation (sending warm blood 
to the extremities, as if the patient were in a warm room instead 
of a cold one) and also temporarily reset the body's internal ther- 
mostat (i.e., the vasoconstrictive threshold) to maintain a lower 
temperature. 

If left untreated, patients tend to plateau at around 34° C — 
that's 93° F! Although this would eventually return to normal 
after the anesthetic ends, it's not pleasant for patients (who would 
wake up shivering, with their teeth chattering) and evidence is 
building that it's also linked with a higher incidence of com- 
plications such as coagulopathy and wound infection. To avoid 
these complications and improve patient comfort, we've started 
paying a lot of attention to maintaining normothermia in the 
OR. In addition to monitoring temperature, we often use forced- 
air warming blankets for parts of the body not exposed for the 
sterile prep; these operate by pumping warmed air through a 
paper blanket and can be very effective in bringing up the body 
temperature. 

For all but a very few procedures, the patient will be on an 
operating table; the anesthesiologist typically controls the table. 
Tables originally used a complicated mix of gears and levers to 
change position, but newer ones are electronically controlled; a 
little hand controller with various buttons lets you change posi- 
tions. Figure 1.3 shows a typical controller. 

You'll almost always start with the patient supine (lying on 
his or her back, looking at the ceiling) but the surgeon will some- 
times want to move the patient into a different position after you 
induce anesthesia. Common choices include these: 

• Prone: face down on the operating table. The bed can typ- 
ically be left in its normal position for prone position, but 
proper padding is an even bigger issue than with other 
positions; a patient left unpadded in the prone position 
for any length of time will be injured. (Need proof? Lie 
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down on your bed in the prone position without your head 
turned to one side and see how long it takes you to become 
very uncomfortable.) 

Left/right lateral decubitus: lying on the left or right side of 
the body. This position is used for orthopedic and thoracic 
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procedures. Fine adjustments to bed position will be made 
as needed after the patient is positioned. As with the prone 
position, proper padding is especially important with the 
lateral decubitus positions. 

• Lithotomy: supine, with legs elevated in special stirrups. 
Used for pelvic procedures. As its name (which literally 
means "stone opening") suggests, its original use was in 
surgery for kidney stones. 

• Trendelenburg: table tilted to lower the head and raise the 
feet. Named after its inventor. 

• Reverse Trendelenburg: head raised, feet lowered. 

The table has a lock, which prevents it from moving around 
on the floor. We commonly unlock the table to position it before 
the surgery; don't forget to lock it again once it's in place. Although 
the beds have a backup battery in case they're unplugged, the 
battery tends to weaken with age; if you press a button and noth- 
ing happens, check to be sure the cord hasn't come loose where 
it enters the bed. 

In this chapter, we've looked at how our anesthesia equip- 
ment works. Now, let's look at how to check it. 
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The How and Why of a 
Good Machine Check 



Anesthesiologists are like pilots: our work, and the safety 
of those who rely on us, requires us to have a safe and 
reliable machine. And like pilots, we ensure that our 
machines are working well by checking them rigorously every 
day — either with an automated self-check (on the newest 
machines) or manually. Since most machines currently in use 
do not have an automated self-check, here's how to check the 
machine yourself. 

First, quickly look at the machine to check that nothing is 
obviously broken or dangling loose. Then turn on all the dif- 
ferent parts of it: the main switch, the gas analyzer, the patient 
monitor, and the bispectral index (BIS) unit. Don't switch on the 
ventilator just yet. The gas analyzer takes awhile to warm up, so 
while you're waiting, check the rest of the machine. 

As long as it all gets done, the order isn't very important. This 
is the recipe my chief resident taught me when I was just starting; 
it's efficient and avoids wasting time. First, try to make a hyp- 
oxic (less than 21% oxygen) gas mixture by leaving the oxygen 
on its minimum setting and turning up the nitrous oxide. The 
nitrous oxide shouldn't go up by itself — either oxygen should 
also come up or both should stay down. If both went up, try 
turning the oxygen down; this should cause the nitrous oxide 
to come down. If either of those responses doesn't happen, call 
your "tech" (anesthesia technologist). Why do this first? It's 
quick, it's simple, and if the machine lets you make a hypoxic 
mixture, it is broken internally. Most other problems can be 
fixed in the operating room (OR) by you or the tech, but this 
one requires the entire machine to be taken out for repairs — so 
check it first! 

There's one other thing that rarely fails but would necessi- 
tate replacing the machine, so test it while the nitrous oxide is 
still flowing: the oxygen fail-safe valve. Test this by detaching 
the oxygen hose at its wall socket (you will need to press a but- 
ton on the outlet to release the hose), then pushing the oxygen 
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flush button to release the oxygen pressure in the machine. After 
a moment you should hear a loud alarm that accompanies the 
fail-safe valve, and the nitrous oxide flow should drop to zero, 
confirming that the valve is working. Open the valve on the aux- 
iliary oxygen cylinder, using the valve wrench located on or near 
it; this should deactivate the fail-safe valve and allow gas to flow 
again. Note how much oxygen remains in the cylinder; if it is 
under 1000 psi, ask your tech to replace it. Now close the valve 
on the tank again and plug the oxygen line back into the wall — 
push hard, then give it a little tug to make sure it's plugged in, 
because it's possible to get gas flow without having it securely 
connected. Last, make sure you turn off the nitrous oxide so that 
it doesn't continue to fill the room. 

All right, what next? Check the oxygen sensor on your 
ventilator — it's different on each machine, so ask a resident or 
an anesthesia tech where it is. You check it by removing it so 
that it's exposed to air instead of the gas mixture, then watch- 
ing to ensure that the reported oxygen percentage goes down to 
around 21% (room air); if it does not, it will need to be calibrated. 
Put the sensor back. Check the gas analyzer — unfasten its little 
hose from the mask and briefly blow air toward it. It's quite sen- 
sitive, so you don't need to (and shouldn't) put your lips on it to 
do this test. If it's working properly, the reported oxygen level 
will drop and C0 2 will rise before returning to their previous 
values. Reattach the hose to the mask. 

Now that you've detached and reattached things to the gas 
circuit, let's make sure it doesn't have any leaks. First check the 
low-pressure side by attaching a suction bulb to the machine — 
ask your tech how to do this, because it's different for each 
machine. You'll have to either turn the machine off briefly or 
flip a gas-outlet switch to do this, since the baseline 200 ml/ 
min oxygen flow will otherwise show up as a leak. Either way, 
you can leave the monitors running. Squeeze the suction bulb 
and ensure that it doesn't spring back; if it does, call your tech to 
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help you find the leak. Turn on one of the vaporizers by twisting 
the control knob at the top (you have to hold the safety switch 
on the back of the dial in while doing this, like shifting an auto- 
matic transmission out of Park) . Repeat the bulb test. Turn off that 
vaporizer and turn on the next one. Repeat until you have tested 
each vaporizer. Make sure they are all turned off, then remove the 
suction bulb from the machine and return it to its original state. 
Causes of a leak here include improperly mounted vaporizers; if 
you identify a leak, unmounting and remounting the vaporizer 
(they're secured at the rear and can be removed by turning the 
mounting knob one-quarter turn counterclockwise) will often 
eliminate the problem. Finally, turn the machine back on or flip 
the gas-outlet switch back to its usual location. While you're in the 
neighborhood, check the gas levels in your vaporizers; you should 
always start the day's cases with a full tank. 

At this point, you should check the high pressure side for 
leaks. Do this by rotating the automatic pressure-limiting (APL) 
valve all the way clockwise, removing the mask from the gas 
tubing, holding your thumb (or palm) over the end of the tube, 
and pressing the "oxygen flush" button on the front of the anes- 
thesia machine until the pressure gauge reads 40 cm H 2 o or so. 
The breathing bag will inflate. Hold your hand over the end of 
the circuit for a few seconds to ensure there aren't any leaks, 
then (while keeping your hand there) turn the APL valve coun- 
terclockwise to ensure that it releases pressure properly. Leave 
the APL valve fully open so that the patient will be able to breathe 
freely during preoxygenation. 

Now that you know your machine can hold pressure, check 
the ventilator. Set it to some good generic settings (tidal volume 
600 mL, 10 breaths per minute, inspiration:expiration ratio 1:2), 
remove the bag from the circuit, and place it on the end of the 
gas tubing. Turn the ventilator on. On older machines, this takes 
two separate actions: you switch gas flow from the bag to the 
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ventilator, and then you turn on the ventilator itself. On newer 
machines, it's all one action with a switch located near the bag. 
Leave the oxygen on 200 mL/min or so. To fill up the bellows — 
only during testing, never on a patient! — use the oxygen flush 
button to fill the system with oxygen at full (50 psi) supply pres- 
sure. Let the ventilator run for a few cycles until you're satisfied 
that it's functioning, then turn it off, put the bag back where 
you found it, and put the mask on the end of the gas tubing. 
Many anesthesiologists like to take the wrapper from the mask, 
remove it, and stuff it in the mask at this point to show that the 
machine is ready for use. Don't forget to remove it later! 

Now that you've checked the ventilator, check the other ven- 
tilator. Say what? In case of emergency, your anesthesia machine 
may also be equipped with a jet ventilator that you can use to 
oxygenate (not, formally speaking, to ventilate) the patient in 
case all other airway management measures fail. If your OR has 
a jet ventilator, hit the button a few times and make sure that it 
delivers a robust jet of oxygen. 

One last step: make sure the suction is working. Turn the 
suction to MAX at the machine (there's generally a switch next 
to a little suction gauge), then listen for the suction to come on. 
You can also remove the rigid Yankauer suction tip from the tub- 
ing, place your finger over the end of the tubing, and feel for the 
suction. Good? Replace the Yankauer and put it where you can 
readily reach it. Kink the tubing to turn off suction temporarily, 
but leave the suction switch on MAX. When your patient needs 
suction, he needs it right away; with this technique, you simply 
take the Yankauer in your hand and give the suction line a tug 
to release the kink. 

Now that the machine's checked, get the monitors ready so 
that you don't waste any time when the patient arrives. Make 
sure you know where the blood pressure cuff and the pulse oxi- 
meter are, and that they're within reach. Get your ECG wires 
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Figure 2.1. Suggested equipment layout on anesthesia machine tray. 



ready by putting an electrode on each one so that you can simply 
pull the backing off the electrode and affix it to the patient when 
he or she arrives; arrange the wires: white and green to the right 
side, black, brown, and red to the left. 

How about your airway equipment? As with machine 
checks, there are many safe and acceptable ways of accomplish- 
ing the same goal; the important thing is that you establish a 
system you can remember by instinct and that you follow your 
system to ensure you don't miss anything. Figure 2.1 shows the 
equipment I use, and the arrangement in which I keep it for 
quick access. 
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Your room should have a supply of clean, nonsterile tow- 
els. Take one and place it on the workspace atop the anesthesia 
machine to provide a clean surface on which to store your airway 
equipment. 

On the bottom left, closest to the patient, are the laryngo- 
scope handles and blades. For adult patients, there should be 
Macintosh 3 and 4 blades, plus a Miller 3. 1 most commonly use 
the Macintosh 3, so that's what I connect to the laryngoscope to 
start. Test each of the blades you will have on the tray by connect- 
ing them to the laryngoscope and ensuring that they light up; 
while you're at it, ensure that their bulbs aren't loose. 

What goes with laryngoscopes? Endotracheal tubes — and 
these also need to be prepared and tested. Adult men often get 
a size 8, adult women a size 7; small adults may be a half-size 
or even a full size smaller. Open the package of the tube you're 
expecting to use (not all of them), insert a stylet, and bend it 
to the shape you prefer. A "hockey stick" bend is a good place 
for beginners to start; you can experiment later and find the 
bend most beneficial for your intubating style. Connect a 10 mL 
syringe to the pilot balloon (the little balloon attached to the 
insufflating tube) and inflate the balloon with it. Check that 
the balloon inflates properly and doesn't leak, then drain the 
air with the syringe and keep the tube in its package so it stays 
clean. 

Near the laryngoscopes I keep a few different sizes of oro- 
pharyngeal airways and a tongue depressor, since those are the 
first adjuncts I'll use if mask ventilation proves difficult. Next 
to them are a tube of surgical lube and an ampule of benzoin 
(Mastisol), plus cloth and plastic tape. Tear off two pieces of plas- 
tic tape for the eyes (fold over one end for easy removal) and two 
long pieces of cloth tape to secure the tube. Prepare your cloth 
tape like this (Fig. 2.2). 

Tear the tape lengthwise along three-fourths of its length 
and fold over a bit at each of the ends you created by tearing it. 
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Figure 2.2. How to tear tape to secure an endotracheal tube. 



You should make two pieces like this, so that you can tape from 
each side of the face. 

Now prepare the other items you'll need to start the case. 
These will likely include an orogastric tube, an esophageal 
temperature probe, and a BIS electrode. The orogastric tube 
is typically packed in a little envelope within an outer pack- 
age; this envelope can be removed from the package, and the 
esophageal temperature probe can then also be removed from 
its package and placed in the orogastric tube's envelope for 
quick access. 

There's one last thing that goes on your workstation: a 
gum bougie. Pronounced boo-zhee and formally named the 
Eschmann intubating stylet, this is a long, slightly floppy rod 
with a diagonal kink a few centimeters from one end. We'll see 
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how to use it in the airway chapter; for now, just set it at the back 
of your airway equipment tray. 

Place another clean, nonsterile blue towel over your equip- 
ment; it's now time to locate some important emergency equip- 
ment. You need to locate: 

• The code button 

• A flashlight (test it!) 

• The long 14-gauge TV used for emergency jet ventilation 

• The emergency box, if your institution uses them (and 
make sure the seal is unbroken) 

• Taryngeal mask airways (LMAs) 

You're all set! Time to go and do a preoperative evaluation 
for the patient — but first, let's look at the medications we'll give. 
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Better Living through 
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Anesthetic Pharmacology 



This chapter is going to discuss the pharmacology of inhaled 
and intravenous anesthetic agents. First, why do inhaled 
anesthetics work? Plenty of research is going on, but the 
short answer is that nobody knows for sure. We do know that 
the more soluble they are in lipids, the more effective they are 
as anesthetics (we call that the "Meyer- Overton Rule") and that 
they seem to affect ion exchange by reversibly interacting with 
proteins in the cell membrane. 

We're more certain about one thing: anesthesia isn't an all- 
or-nothing phenomenon. The more inhaled agent we give, the 
sleepier a patient gets — not just in terms of wakefulness, but in 
four specific areas. The four things that make up general anes- 
thesia are amnesia (lack of memory), analgesia (lack of pain), 
hypnosis (lack of response), and muscle relaxation. These do not, 
however, all happen at once as we increase the concentration of 
volatile agent. Instead, a patient goes through different stages of 
anesthesia. This was first studied by Guedel, who identified four 
stages: 

Stage 1: Analgesia and amnesia. This is also the stage 
commonly seen as a patient is being wheeled to the recovery 
room. Memory is slow to return, and breathing is slow and reg- 
ular. Patients may appear conscious and talk with you, but they 
won't likely remember much of what you say. 

Stage 2: Delirium and unconsciousness. This is the stage 
when patients are at highest risk for laryngospasm; although 
they are breathing on their own, they are not able to defend 
their airway. Breathing is irregular. At this stage it's tempting to 
say, "He's breathing; let's extubate him," but we must wait until 
patients are able to respond to commands: they have to prove 
they are in stage 1 before they can be extubated. 

Stage 3: Surgical anesthesia. This is the goal when we're 
starting the case. Patients breathe on their own if no muscle 
relaxants are given. 
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Stage 4: Overdose. Breathing stops. If more anesthetic is 
given, blood pressure continues to fall until circulatory collapse 
occurs. This is due to the inhibition of the cardiorespiratory cen- 
ters in the medulla. 

All patients follow these four stages, but as with any drug, 
some patients require more than others to achieve a given 
response. If we anesthetized an entire population, though, and 
looked at how much volatile agent it took for half of them not to 
move during skin incision, we'd be able to estimate how much 
the average person needed. We call that the MAC, or minimum 
alveolar concentration. (The technical term is ED 50 , or "effective 
dose for 50% of people"). 

MAC is useful for other reasons, too. First, once you know 
it, you can figure out how much anesthetic it takes to keep just 
about anyone from moving — that's 1.3 MAC, or 1.3 times the 
ED 50 . On a bell curve, that's the ED 95 , or the effective dose for 
95% of the population. You can also assess MAC Awake, or the 
ED 50 to prevent response to verbal commands, which is useful 
because this is also the level of anesthesia associated with amne- 
sia. Second, you can combine anesthetics, because MAC is addi- 
tive. Half a MAC each of two separate anesthetics equals one 
MAC. This, as we'll see in a little while, can be quite handy. 

Another, more direct, measure of anesthesia is the bispec- 
tral index. The BIS, as we call it, is a processed mini-electro- 
encephalogram (EEG) that uses four forehead electrodes on a 
single adhesive strip; readings range from to 100, with 100 
being "wide awake" and zero being electrical silence. Sixty or 
less is considered surgical anesthesia. Suppose we're around 
1 MAC and our patient is hypotensive; have we given too much 
anesthesia for that particular patient or is he simply "dry" (dehy- 
drated) from being asked not to eat or drink anything before 
surgery? The BIS gives us the answer. If the patient has a BIS 
reading well below 60 and is hypotensive, the anesthetic level 
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can be decreased safely. If the BIS is elevated and the patient is 
hypotensive, as with trauma patients, the treatment is to admin- 
ister fluids or vasopressors. 

We've talked about how much anesthesia a patient requires; 
let's talk for a moment about how quickly we can increase or 
decrease the level he or she is getting. Some inhaled anesthetics 
are quicker than others and the reason isn't very intuitive. The 
less soluble they are in blood, the faster they act. This is because 
when an agent is very soluble in blood, the blood acts like a res- 
ervoir; the body is absorbing inhaled anesthetic, but the blood 
is holding onto it, so the brain takes awhile to see much of it. 
Conversely, for agents that are less soluble, the blood rapidly gets 
as saturated as it's going to get — as does the brain. 

Knowing how to change the concentration of anesthetic 
gas quickly is always convenient, and sometimes essential for 
patient safety. There are five basic ways to speed up your concen- 
tration change: 

• Use a less soluble anesthetic. It reaches and leaves the 
brain more rapidly, so we don't have to wait as long for 
changes. 

• Increase fresh gas flows. This replaces the contents of the 
anesthesia circuit more quickly with the new concentra- 
tions you want. 

• Increase alveolar ventilation. The more lung surface area 
we expose to the new concentration of anesthetic gas, the 
more quickly the blood concentration of gas will change. 

• Use "overshoot technique." If you need to reach a certain 
concentration quickly, you can go past the desired concen- 
tration on the vaporizer dial for a few breaths, then back 
down to your original goal. When using this technique, it 
is essential that you do not forget to turn it back down — 
some anesthesiologists keep one hand on the vaporizer to 
help them remember. 
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• Use the "second gas phenomenon." Adding nitrous oxide 
at the beginning of a case helps the volatile agent concen- 
tration increase more rapidly. 

Now that we understand the basics of inhalational anesthe- 
sia, let's discuss some specific volatile agents. Flammability, the 
number one issue in times past, has long ago been addressed. 
Ever since, the challenge has been to make volatile agents less 
soluble, which makes them quicker: quicker anesthesia, quicker 
awakening, quicker response when concentration is changed. 
The most commonly used agents in today's OR are isoflurane, 
sevoflurane, and desflurane. 

Sevoflurane and desflurane are our two "fast" (i.e, relatively 
insoluble in blood) volatile agents. They each have disadvantages: 
sevoflurane can react with soda lime (carbon dioxide absorbent) 
to form a variety of substances, including something called 
Compound A. In rat studies, high concentrations of Compound 
A caused kidney problems. Nothing's been proven in humans, 
and we still use sevoflurane, although a few anesthesiologists 
choose other agents for patients with renal problems. We do, 
however, prevent Compound A buildup by keeping the fresh gas 
flows at 2 1pm (liters per minute) or higher; this precludes using 
sevoflurane with the low-flow techniques we'll discuss later. 

What about desflurane? Desflurane is the least soluble vola- 
tile agent and therefore the fastest. Since the amount of absorbed 
anesthetic depends on both time and body mass, desflurane is a 
great choice for long surgeries, especially on obese patients. It's 
associated with sympathetic stimulation when it is first admin- 
istered. It can also cause airway hyper-reactivity even when 
patients are asleep, so we're reluctant to give it to smokers or 
asthmatics. You also can't use it for mask induction of kids, unlike 
sevoflurane; it can cause laryngospasm. Don't, however, let this 
dissuade you from using desflurane in other circumstances. Its 
speed is a very handy thing. 
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Is there a use for an older, slower anesthetic like isoflurane? 
Yes! First, it's a great agent for patients who will remain intu- 
bated at the end of the case. In their case, the fast-on, fast-off 
nature of the newer agents is actually a liability as we don't want 
those patients to emerge (and have the accompanying hemody- 
namic changes) en route to the intensive care unit. Second, it 
dilates the coronaries and cerebral vessels more than the other 
agents, so we like to use it for heart surgeries and certain neuro- 
surgical work; as an additional benefit for heart surgery, it has 
been shown to protect the heart during ischemia. Last, it's sig- 
nificantly less expensive than the other agents; for short cases 
where the body doesn't have a chance to absorb much of it, a 
faster agent like desflurane may simply not be worth the cost. 

Let's talk for a moment about the adverse effects of the vola- 
tiles. Many patients feel nauseated postoperatively; some groups 
are at higher risk than others, but no group is truly low risk. 
Volatile agents also don't provide any analgesia at all once they 
wear off; patients who are to be extubated after their surgery 
will require at least a little opioid for pain relief afterward. 

It's possible to induce anesthesia with volatile agents, a tech- 
nique called "mask induction." This is very common in pediatric 
patients (since inserting an IV in an awake child is often har- 
rowing for child and anesthesiologist alike) but rare in the adult 
population. Why? First, volatile agents don't smell very good. It's 
not a safety issue, but certainly a patient satisfaction issue. More 
important, mask induction means going through stage II with no 
endotracheal tube. As you recall, stage II is when laryngospasm 
is most likely to happen; we want to avoid that, especially when 
there's no IV to give an emergency dose of succinylcholine. 

We give one inhaled agent that's different from all the others. 
It's not a volatile anesthetic because it isn't a liquid at all at room 
temperature and atmospheric pressure: it's a gas. Nitrous oxide 
provides profound analgesia, although amnesia is not reliable. 
Its MAC is 106%, which wouldn't leave much room for oxygen, 
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so we can't give a full MAC; we use it in conjunction with other 
agents. The effort is worth it because nitrous oxide is the fastest 
agent of them all, even faster than desflurane. One popular tech- 
nique combines isoflurane and nitrous oxide, using isoflurane 
alone for most of the case but turning it off early; nitrous oxide 
is then used (2:1 nitrous oxide:oxygen ratio, or thereabouts) to 
"bridge" the patient to the end of the case while the isoflurane 
wears off. Since nitrous oxide predisposes to nausea more than 
other agents, this is a good way to limit exposure to it while still 
getting most of its benefit. 

Auto-racing fans may recognize nitrous oxide as something 
racers use to give their engines extra power, which it does by 
contributing oxygen to the combustion in the engine. Does this 
matter in the operating room? Absolutely! When we do airway 
surgery, it is possible (albeit rare) to have a fire in the airway — 
the endotracheal tube itself generally being what starts to burn. 
Oxygen-rich environments, whether from a high Fi0 2 or from 
nitrous oxide contributing oxygen, make that situation much 
worse. That's why we avoid nitrous oxide (and minimize Fi0 2 ) 
for those surgeries. 

You need to know two other things about nitrous oxide, and 
both follow from how well it diffuses. The first is that when you 
turn it off, it diffuses rapidly from the blood into the lungs. If 
you're giving the patient room air at that point (Fi0 2 = 0.21; in 
other words, 21% 2 ), enough nitrous oxide can enter the lungs 
to make the patient hypoxic. This is termed diffusion hypoxia, 
and we avoid it by giving patients high-flow oxygen at the end 
of the case. 

The other problem with nitrous oxide is that the lungs aren't 
the only area into which it diffuses. Since nitrous oxide is far 
more soluble in air than in blood, it will diffuse into any air- 
filled space in the body. This includes the gastrointestinal tract 
(making it a poor choice for abdominal surgery, whether lap- 
aroscopic or open) and any area where air has been trapped; 
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it is particularly dangerous around a pneumothorax or pneumo- 
cephalus, since causing eitherto expand canhave life-threatening 
consequences. In these cases, the benefit of nitrous oxide's quick 
action clearly doesn't outweigh its risks, and we go back to the 
volatile agents. 

Nitrous oxide has one advantage over the volatile agents: it's 
the only inhaled agent that is odorless. Because of this, when 
we do mask inductions in children, we like to start with nitrous 
oxide before adding sevoflurane. This spares the kids from hav- 
ing to be fully conscious when the smell of the sevoflurane first 
reaches them. 

Since we don't usually do mask inductions in adults, how 
do we induce anesthesia? We use IV induction agents. As with 
inhalational agents, IV induction agents have become faster- 
acting and easier to give; let's pause for a moment to look at the 
pharmacokinetics behind those advances. When we first inject 
an IV induction agent, it can't do the patient any good until it 
gets to the brain. The quicker a drug gets to the brain (i.e., by 
crossing the blood-brain barrier), the quicker it can induce anes- 
thesia. Wakeup can occur in one of two ways: either the patient 
can metabolize the drug or he can redistribute it — meaning that 
it is taken up into other tissues such as muscle. Redistribution 
can occur at different speeds, but is usually faster than metabo- 
lism at getting a single dose of drug out of the brain. 

While a variety of drugs could theoretically be used to induce 
anesthesia, only four main agents are used in practice today: 
propofol, etomidate, thiopental, and ketamine. 

Propofol, the most ubiquitous of the contemporary induc- 
tion agents, acts on GABA receptors to induce anesthesia. It's 
packaged in a lipid emulsion because it is not soluble in water, 
only in fat; this accounts for its unique white color. It crosses the 
blood-brain barrier quickly and redistributes quickly; this gives 
it excellent speed both in inducing anesthesia and in awakening 
the patient, making it a great choice for short outpatient cases. 
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It has a downside, though: it reduces systemic vascular resistance 
(SVR) and cardiac contractility, leading to a significant drop in 
blood pressure. Propofol depresses respiration in doses used for 
sedation and produces apnea in induction doses; it should not be 
administered to a patient unless you are prepared to manage his 
or her airway. It also causes a warm or burning sensation when 
first injected intravenously; this is not dangerous to the patient, 
but the discomfort can be lessened by giving a dose of the local 
anesthetic lidocaine first. 

You need to know a few other things about propofol. First, it 
has excellent antiemetic properties (making it a favorite of out- 
patient anesthesiologists), and if patients recall any dreams at 
all from a propofol sedation, they are generally pleasant ones. 
Second, it's the only induction agent that can be used alone 
when placing an LMA. Finally, it has no preservatives and the 
fat emulsion supports bacterial growth — the vial is good for only 
six hours after you open it. 

Propofol's drop in blood pressure usually goes away with 
laryngoscopy or a little dose of ephedrine, it's true, and young, 
healthy patients usually tolerate it pretty well. What about 
elderly patients with fragile coronaries, or trauma patients, or 
dehydrated patients whose SVR is the only thing between them 
and a really low blood pressure (BP)? What we really need here 
is an induction agent that doesn't drop the blood pressure nearly 
so much, and we'd be willing to tolerate some side effects to get 
it. That pretty much sums up etomidate, which — aside from a 
little decrease in SVR — doesn't have much in the way of car- 
diovascular effects at all. It also works through GABA, but this 
time by increasing receptor sensitivity. It kicks in quickly (like 
propofol, it's very lipid soluble), and the lack of a big BP drop can 
be very handy. 

Why not always use etomidate, then? A few reasons: first, 
unlike propofol, it makes postoperative nausea more likely. 
Second, it can cause adrenal suppression with even a single dose; 
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that's especially concerning in patients who are on corticoster- 
oids, since they're already predisposed to it. And last, it is asso- 
ciated with myoclonus — which is centrally mediated, and thus 
increases cerebral oxygen usage. 

Thiopental is an older anesthetic but still used — especially 
for neurosurgery where its effects are most beneficial. A barbi- 
turate, it induces a decrease in cerebral blood flow but more than 
compensates by cutting the cerebral oxygen requirement in half. 
It's very lipid soluble, so it crosses the blood-brain barrier quickly, 
and it is cleared from the brain by redistribution. Its effect on 
blood pressure mirrors that of propofol; the hypotension is from 
the barbiturate knocking out the medullary vasomotor center, 
causing vasodilation — it's as if the patient temporarily became 
much more dehydrated. A fluid bolus will help this. 

There's one last choice, with some unique benefits and dis- 
advantages. Ketamine, a cousin of PCP that's widely used as 
an animal tranquilizer, is a dissociative anesthetic: the patient 
appears awake and typically continues to breathe but can't pro- 
cess or respond to stimulation. You can think of it as temporar- 
ily disconnecting the cortex (which handles sensation) from the 
thalamus. 

Ketamine has a few characteristics that set it apart from all 
the other IV agents. First, it increases blood pressure and heart rate 
because of its sympathetic stimulation. It also bronchodilates, so 
it can be useful in asthmatics. Above all, it typically doesn't cause 
apnea — very handy in sedation. It's even better as a sedative for 
things like changing burn patients' dressings, because its ability 
to block the neurotransmitter NMDA makes it a potent analge- 
sic. There are a few significant downsides with ketamine: most 
important, it can cause dysphoric hallucinations. Because of 
this, we generally premedicate patients with midazolam (which 
we'll meet in a moment) for amnesia and additional sedation. 
Ketamine can also cause nausea and increased secretions; the 
former can be treated with ondansetron (and other drugs — see 
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Chapter 7), and the latter can often be addressed with anticho- 
linergics like glycopyrrolate. 

We alluded above to midazolam. Also called Versed, this 
cousin of Valium (and fellow member of the benzodiazepines) 
enhances the action of the inhibitory neurotransmitter GABA in 
the brain. It has potent sedative, anxiolytic (anxiety-relieving), 
and amnestic (memory-preventing) effects. While it's possible to 
induce anesthesia with midazolam, this tends to cause a delayed 
wakeup compared with other induction agents; patients much 
more commonly receive a small dose just before going to the OR. 
This relaxes them, making the otherwise scary experience of 
entering an OR prepared for their own surgery much less intim- 
idating. Midazolam depresses respiration, particularly when 
given with opioids, but as long as you're prepared to manage 
the airway the two make an excellent combination. Because a 
small sedation dose of midazolam "wears off" more quickly than 
Valium, it's also a great choice as part of the anesthetic technique 
for sedation cases. 

Opioids are the next class of drug we'll discuss. So named 
because they were first isolated from the opium poppy, they act 
on different types of opioid receptor in the brain. Mu receptors 
cause analgesia and respiratory depression (mu-1 and mu-2, 
respectively) whereas kappa receptors are responsible for the 
opioids' sedative effects. Our modern opioid pharmacopeia lets 
us choose the duration we want. We can give fentanyl for intra- 
operative pain; we can give morphine for longer acting postop- 
erative pain relief; we can use a remifentanil infusion along with 
inhaled anesthetics or propofol. Each opioid has its own timing 
characteristics, and we can use these to tailor the analgesia to 
what the patient needs. 

Let's look at fentanyl first. It's highly lipid soluble so it crosses 
the blood-brain barrier quickly. It's metabolized by the liver, and 
this also happens pretty quickly. This makes it a good opioid to 
give during a case since it allows for a rapid response, but its 
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short duration means there are better choices for postoperative 
pain. Nausea is also a significant side effect with all opioids, and 
fentanyl is no exception. 

Morphine is a common opioid to give toward the end of 
a case or in the recovery room. It's not very lipid soluble, so it 
crosses the blood-brain barrier slowly. This means that it takes 
longer to "kick in" than fentanyl does, but it lasts significantly 
longer. Morphine causes histamine release, especially when 
given quickly; patients frequently complain of pruritus (itching) 
after receiving it. Like fentanyl, it's also often implicated in post- 
operative nausea and vomiting. It's cleared renally, and a dose 
may last several days in renal failure. 

Remifentanil is unique: like succinylcholine, it's metabolized 
by plasma cholinesterases. This means that there is no buildup 
of remifentanil over time; in other words, it wears off quickly no 
matter how long it's been infusing. For long neurosurgical cases 
when the surgeon will want to do a neuro check immediately 
afterward, this drug is a good answer. It's not cheap, and it has 
been associated with hyperalgesia (worsening of pain — as if it 
sensitizes the patient) when discontinued, but that quick wakeup 
is worth the disadvantages in certain circumstances. Likewise, 
when very little postoperative pain is expected (i.e., cardiac cath- 
eterization) and the patient can't tolerate hypotension (as with 
volatile agent-induced vasodilation), a remifentanil infusion can 
be used to reduce the amount of other agents needed. 

Meperidine (Demerol) used to be a very popular opioid, 
but it is metabolized to a compound called normeperidine. We 
don't give meperidine for pain any more because normeperi- 
dine accumulates with large or repeated doses and lowers the 
seizure threshold, but we still occasionally give a single dose in 
the recovery room for shivering: it activates the kappa recep- 
tors more than other opioids and therefore has an excellent anti- 
shivering effect. There's one other time we give it, too. Since it 
decreases sphincter of Oddi contraction, it's a great drug for bile 
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duct pain. Its metabolites are cleared by the kidneys, so it's a poor 
choice in renal failure. 

Hydromorphone, or Dilaudid, shares morphine's long-last- 
ing analgesia but doesn't release histamine. It is also associated 
with less nausea and vomiting than other opioids, making it 
an excellent choice for patients in the recovery room who need 
something longer acting than fentanyl. It's also often an option 
when patients are intolerant to morphine or who are opioid 
tolerant. 

When we perform regional anesthesia, we use a class of 
drugs called local anesthetics. These drugs, which block impulse 
transmission along nerve fibers, fall into two basic families: the 
amides and the esters. Ester local anesthetics, such as cocaine 
and procaine, were the first to be discovered but have largely 
been replaced by amides. The reason — apart from cocaine's 
abuse risk — is that they are metabolized to para-aminobenzoic 
acid, or PABA. Formerly an active ingredient in sunblock, PABA 
fell into disfavor because many patients were allergic to it. These 
patients should also not receive ester local anesthetics; since the 
amide local anesthetics have a much lower rate of allergic reac- 
tions, they have largely replaced the ester drugs. 

Amide local anesthetics are easy to identify; each has two 
I's in its name, as with bupivacaine, ropivacaine, or lidocaine. 
Lidocaine was the first and is still commonly used, but some- 
times we want a drug with a longer half-life; this is where bupi- 
vacaine and ropivacaine come in. 

Local anesthetics have their own unique set of complications. 
If an overdose is given — typically via an epidural catheter that 
has entered a vein — the patient will first notice odd sensations, 
such as ringing in the ears and a metallic taste in the mouth. 
If the blood concentration of local anesthetic continues to rise, 
seizures and ECG abnormalities will follow, culminating in car- 
diac arrest. If an arrest should occur, there is one key departure 
from a "normal" arrest: Intralipid, or IV fat emulsion, has been 
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shown to be useful in local anesthetic overdose. Since local anes- 
thetics are lipid soluble, a large dose of IV lipids is theorized to 
help by "absorbing" local anesthetic from the bloodstream. 

Finally, let's turn our attention to muscle relaxants for a 
moment. These drugs have been known to man for centuries; 
curare, the first muscle relaxant used in anesthesia, was origi- 
nally used by warring South American tribes to make poisoned 
arrows. Modern muscle relaxants come in two varieties: depo- 
larizing and nondepolarizing. Both prevent muscle contraction; 
the difference arises from their mechanism of action. 

Let's briefly review how muscle contraction happens. 
A signal — an "action potential" — travels down a nerve toward a 
muscle. When it reaches the end of the nerve, calcium ions are 
released into the cytoplasm, and the neurotransmitter acetyl- 
choline (ACh) is released from storage vesicles into the neuro- 
muscular junction (NMJ). The ACh then binds to receptors on 
the muscle cell. If enough receptors are bound, the action poten- 
tial will propagate along the muscle, the cell membrane will 
depolarize by cation flow across open channels, and the muscle 
will contract. Acetylcholinesterase, an enzyme located on the 
muscle cell membrane next to the ACh receptor, then breaks 
down the ACh; this allows the muscle to repolarize, preparing it 
for the next action potential. 

That's what happens at the cellular level. On a macroscopic 
level, when we give muscle relaxants, we monitor their action 
with a peripheral nerve stimulator — a little box that administers 
brief electrical stimulations from one electrode to another. It can 
be used in various places, but the ulnar nerve and the facial nerve 
are two of the most common. The most basic test we do with the 
stimulator is the "train of four": four brief electrical stimulations 
in two seconds. When this test is done with properly placed elec- 
trodes on a patient who has not been given muscle relaxants, 
the result is four strong and equal twitches. We also perform a 
"tetanic" stimulation, a sustained 50-hertz stimulation for a few 
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seconds at a time, to assess whether twitches become stronger 
afterward. We'll look at the results with each class of muscle 
relaxant as we explore them. 

Depolarizing agents, like succinylcholine ("sux"), resem- 
ble ACh and bind to its receptors. As with any action potential, 
this depolarizes the muscle cell; since acetylcholinesterase in the 
synaptic cleft can't break succinylcholine down, the muscle stays 
depolarized (and incapable of a second action potential). Since 
the muscle depolarizes once, it twitches: this twitching, which is 
seen throughout the body, is called fasciculation. 

Succinylcholine consists of two ACh molecules joined 
together. It is given intravenously and its action stops when pseu- 
docholinesterase splits the two ACh molecules. There are abnor- 
mal genes that encode a broken pseudocholinesterase enzyme; 
a heterozygous patient will recover slowly from succinylcholine, 
and a patient homozygous for the abnormal gene will recover 
very slowly as succinylcholine is excreted over the course of sev- 
eral hours. 

When we give a dose of succinylcholine and check it with the 
nerve stimulator, the response to a train of four is constant but 
less than normal; it does not get stronger after a tetanic stimulus. 
Interestingly, this changes with a second dose. With a second 
dose, "fade" happens — meaning that the twitches grow progres- 
sively weaker but get stronger after a tetanic stimulus. We call 
those a "phase I block" and "phase II block," respectively. Phase 
II block is unpredictable, long-lasting, and not pharmacologi- 
cally reversible; we avoid it whenever possible. 

There are a few noteworthy side effects with succinylcho- 
line, apart from the fasciculations mentioned above. First, since 
succinylcholine is simply two ACh molecules joined together, it 
can stimulate any ACh receptor in the autonomic nervous sys- 
tem. The most frequent result is bradycardia, with the most sus- 
ceptible groups being children and adults who get a second dose 
of succinylcholine. Pretreating with atropine helps. 
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Any time muscles depolarize, potassium is released. When 
succinylcholine depolarizes every skeletal muscle in the body, 
the blood potassium level goes up by about 0.5 mEq/L. In nor- 
mal healthy people, this isn't enough to matter; in patients with 
hyperkalemia or renal failure, it could be. Massive trauma, neu- 
romuscular disorders, and burns can all predispose to a much 
more significant rise in potassium, and we try to avoid the use of 
succinylcholine in those situations unless it's necessary to save 
the airway. 

Two other quick points about succinylcholine, before we 
move on. Rarely, the use of succinylcholine (or volatile anes- 
thetics) can trigger a condition called malignant hyperther- 
mia (MH). Malignant hyperthermia, whose pathophysiology 
is incompletely understood but related to excessive calcium 
release inside skeletal muscle, is a sudden hypermetabolic state. 
It starts with hypercarbia, tachycardia, and masseter spasm (jaw 
rigidity), then proceeds to hypertension, then hypotension and 
circulatory collapse. Despite the name, fever is not a consistent 
sign. After the initial metabolic derangements are treated, the 
patient remains in danger because of the massive myoglobin 
load facing the kidneys. 

Malignant hyperthermia is an emergency, and the first 
thing to remember is to get help. You will need extra hands in the 
room to manage it, simply because there are so many tasks to do 
at once. To treat MH, you need to do the following: 

1. Get help. 

2. Turn off all volatile agents. 

3. Hyperventilate the patient with 100% oxygen. 

4. Give dantrolene [a specialized muscle relaxant]. 

5. Cool the patient actively. 

6. Start an arterial line for labs and continuous blood pres- 
sure monitoring. (We'll see later how to do this). Send a 
baseline arterial blood gas sample to the lab. 
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7. If surgery must be continued, resume anesthesia with 
nontriggering anesthetics such as propofol. 

8. Redose dantrolene every 6 hours for 24 hours. 

9. Give furosemide and/or mannitol for diuresis. 

Patients who have had MH in the past or have a family 
history suggestive of MH should not receive triggering agents 
(succinylcholine or volatile anesthetics). We also avoid those 
agents in patients with Duchenne's muscular dystrophy, which 
dramatically increases the risk of MH. 

Why use succinylcholine at all, then? We have fast-acting 
nondepolarizing agents that don't cause fasciculations (and the 
resultant myalgias), don't lead to hyperkalemia, and don't pre- 
dispose to MH — so why not just throw succinylcholine away? 
The answer is that nothing works as quickly as succinylcholine. 
It yields the best and quickest intubating conditions of any agent 
currently used, and that saves lives; the side effects are the price 
we pay for that. 

Once the patient has received an IV induction agent and a 
dose of succinylcholine and been intubated, we use the nerve 
stimulator to ensure that he or she has metabolized the succinyl- 
choline and then give a dose of nondepolarizing muscle relaxant. 
Let's talk about how nondepolarizers work. They bind the same 
ACh receptors as depolarizers but don't open the ion channels 
that depolarize the muscle. Since the receptors are bound, ACh 
can't bind and depolarize the muscle; no depolarization (or fas- 
ciculation) takes place, but the muscle is relaxed. Because these 
drugs work by competitive antagonism, the twitch pattern is 
different when we use the nerve stimulator. In fact, it mirrors a 
phase II block: the twitches fade with repetitive stimulation, and 
get stronger after a "tetanus." 

A wide variety of nondepolarizers have been tried in clin- 
ical practice. Curare was abandoned because it had a long and 
unpredictable duration of action; tubocurarine and metocurine 
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caused too much histamine release. Rapacuronium was as fast 
as succinylcholine but is off the market because it occasionally 
caused severe bronchospasm. Let's talk briefly about the agents 
in common use. 

Rocuronium and vecuronium have an intermediate dura- 
tion of action; they aren't the fastest (like rapacuronium), but 
they do take effect relatively quickly. They "wear off" at a rea- 
sonable and predictable rate; metabolism is mainly biliary so it 
takes longer for patients in liver failure. 

Cisatracurium also has an intermediate duration of action 
but with a twist that can be very useful: it breaks down spontane- 
ously in plasma. This nonenzymatic "Hofmann reaction" means 
that we can use it effectively even in the face of hepatic and renal 
failure! Hypothermia and acidosis slow down its metabolism; in 
fact, we keep it in a refrigerator until we're ready to use it. 

Pancuronium is an older, long-acting muscle relaxant with a 
unique twist of its own: vagal blockade. It's used when we want 
to speed up heart rate and support blood pressure. Pancuronium 
is partially metabolized by the liver and excreted by the kidneys, 
so compromise of either system will extend its action. 

One might ask why we give nondepolarizers instead of 
additional doses of succinylcholine, since the nondepolarizing 
blockade looks just like succinylcholine's phase II block when 
we test with the nerve stimulator. The answer is that a nonde- 
polarizing block wears off at a predictable rate and that once it is 
mostly worn off we can actually reverse it. ("Mostly worn off," in 
clinical practice, means that at least one twitch is present with 
the nerve stimulator — though even at this point, 90% of recep- 
tors still have neuromuscular blocker present.) 

Reversal has traditionally been accomplished with a combi- 
nation of two drugs: a cholinesterase inhibitor and an anticho- 
linergic. The former (commonly neostigmine) acts to slow down 
ACh breakdown at the neuromuscular junction, increasing its 
concentration and helping it to outcompete the remaining bit of 
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nondepolarizer for the muscle receptor's attention. The problem 
with using this by itself is that it increases ACh everywhere, lead- 
ing to some undesirable side effects like bradycardia and exces- 
sive oral secretions. We fix this by giving an anticholinergic, like 
glycopyrrolate, at the same time; this counteracts those effects 
without opposing the neostigmine's action at the neuromuscular 
junction. 

A newer and more elegant option has recently become avail- 
able; it is designed for rocuronium, although its applicability to 
vecuronium is being investigated. Sugammadex tightly binds 
rocuronium so that it cannot interact with ACh receptors; a 
cyclodextrin, it has no other effects on the body. Not only does 
this mean that we do not need to give anticholinergics at the 
same time, but research suggests that it will let us reverse a depth 
of muscle relaxation that would have otherwise been unsafe to 
reverse. 

In this chapter, we've explored inhaled agents, IV induc- 
tion agents, opioids, muscle relaxants, and reversal agents. In the 
next, we'll see how to do a preoperative evaluation. 
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What Are They Gonna 
Do to You?! 

Preoperative Evaluation 
and Consent 



Of all the tasks in anesthesia, doing a pre-op (preoper- 
ative evaluation) may actually be the least foreign. 
While starting an IV or placing an endotracheal tube are 
entirely new skills, a good pre-op has many elements in com- 
mon with a directed history and physical exam (H&P). In fact, 
you could consider it an H&P whose chief "complaint" is the need 
for a safe anesthetic. 

Let's continue that analogy. In an H&P, you start with some 
background questions likely to be relevant regardless of the chief 
complaint. These include the patient's height and weight (for drug 
dosing), current medications, and history of medication allergies. 
Don't forget herbal remedies and self-prescribed "medications": 
alcohol and recreational drugs are also an important part of the 
pre-op, not only because they affect the patient's health but also 
because they can affect the way he or she responds to our medi- 
cations. Alcohol tolerance, for example, also applies to benzodi- 
azepines and propofol. Opioid tolerance applies to all opioids, so 
we may anticipate that a patient who takes five Percocets a day 
will need higher doses (and perhaps more creativity) for postop- 
erative pain than one who is "opioid-nai've." 

Now that we have the patient's basic historical information, 
we do a system-by-system history. As you progress in anesthesia, 
you will be able to become more efficient by focusing your ques- 
tions on the most relevant information; when you are starting 
out, being thorough is a safe (if time-consuming) way to ensure 
that you don't miss anything important. Let's go by system: 

Cardiac: Anesthesia and surgery are more physiologi- 
cally demanding than most laymen realize. The blood pressure 
changes that often accompany induction and emergence, the 
bleeding and fluid shifts of surgery, and the sympathetic stimu- 
lation of postoperative pain can each threaten hearts with mar- 
ginal coronaries. This is one area where you can directly prevent 
complications simply by talking to the patient; any history of 
coronary artery disease, chest pain, or dysrhythmia is a cue that 
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you need to dig deeper. Those investigations might include an 
ECG, a stress test, or even a cardiac catheterization. One other 
question we like to ask concerns the patient's level of physical 
activity; a patient who sprints up steps without pain is clearly 
at lower risk for a myocardial infarction (MI) in the operating 
room than one who loses his breath walking to the bathroom. 

Pulmonary: As with the heart, simply being able to get by 
in daily life is not enough. Before intubating a patient, we want 
to know that we will be able to extubate him at the end of the 
surgery; this means that we need to know about any history of 
chronic obstructive pulmonary disease (COPD), oxygen or cor- 
ticosteroid use, recent pneumonia, or other respiratory issues. 
We also want to know that he does not have any respiratory 
infections, even minor ones; research has shown that the inci- 
dence of postoperative complications is dramatically higher 
when patients start out sick. Smokers often have a chronic cough, 
and here the most important question is whether there has been 
any change in the cough. If the cough becomes productive, or is 
accompanied by other symptoms like fever, these are signs that 
surgery may have to be rescheduled and a respiratory infection 
treated. If the patient is asthmatic or wheezy from COPD, a pre- 
operative albuterol (or other bronchodilator) treatment may be 
in order. 

Hepatic/Renal: Knowing about a patient's liver function 
is important to a safe anesthetic for multiple reasons. First, a 
patient with compromised liver function will have impaired 
coagulation from reduced levels of coagulation factors and plate- 
let dysfunction. Second, the liver is necessary for metabolism 
of most drugs we give; if its function is impaired, we will need 
to adjust dosing. Maintenance doses of muscle relaxants will 
generally be lower than they otherwise would because of lower 
clearance; paradoxically, the initial dose may actually be higher 
than normal because of pharmacokinetic abnormalities related 
to the liver disease. 
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One last consideration: some causes of liver dysfunction 
(the hepatitis viruses) are contagious. While it's true that we 
should always use safe needle technique and personal protective 
equipment, knowing about blood-borne illness may affect other 
aspects of the patient's care, such as whether the surgical team 
double-gloves; a quick run to the OR to inform the scrub nurse 
will win you brownie points with the nursing team, too. 

What clues warn us of liver problems? We ask the patient if 
he's had any problems with jaundice (some patients may know 
it as "yellow jaundice"), coagulopathy ("clotting problems"), or 
hepatitis. If the answer to those is yes, further laboratory workup 
maybe indicated. 

How about the kidneys? Renal function is important for 
multiple reasons. First, even in the absence of anesthesia, poor 
kidney function has multiple implications for patients. Patients 
with renal insufficiency or renal failure are often chronically 
hypervolemic because they retain sodium and therefore water. 
They also have trouble eliminating potassium and thus tend to 
be hyperkalemic. Platelet function is also depressed in uremic 
patients, predisposing to bleeding with surgery. 

Each of our anesthetic concerns in patients with poor kidney 
function stems from these problems. Although we can decrease 
the fluids we give to a minimum, we still have to give at least a 
little to "flush in" TV medications and keep TV lines patent; for 
patients already on the verge of congestive heart failure, this can 
be tricky. 

What about potassium? As you recall from the chapter on 
pharmacology, succinylcholine causes the level of extracellular 
potassium to rise. This is not normally hazardous, but the situ- 
ation can be different when a patient is already hyperkalemic. 
Because of this, we always check the potassium level in patients 
who have compromised renal function. If it is elevated and sur- 
gery is to proceed, we use nondepolarizing muscle relaxants. 
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Uremia (from renal failure) causes anemia and platelet 
dysfunction, and we have a two -pronged strategy for addressing 
this. First, we ensure that patients have had dialysis within a rea- 
sonable period (say, 24 hours) of surgery; second, we anticipate a 
higher-than-normal blood loss in the context of a lower starting 
hematocrit. This means that the patient is more likely to need a 
transfusion, so we may request that the blood bank do a "type 
and match" to prepare a few units of blood preoperatively. 

There is one other consideration when patients have poor 
kidney function. While the liver is mainly responsible for drug 
metabolism, the resulting active metabolites of certain drugs — 
notably morphine and diazepam — are cleared by the kidneys. 
We therefore steer clear of those drugs in renal failure. Certain 
obsolete muscle relaxants were also cleared by the kidneys. 
Modern ones are at least mainly cleared by the liver, but cisatra- 
curium (cleared by Hofmann degradation in the plasma) is the 
most elegant answer when kidney function is marginal. 

Gastrointestinal: While most gastrointestinal issues are 
more annoying than life-threatening from an anesthetic stand- 
point, there is one major exception. Gastroesophageal reflux 
disease (GERD, or simply "reflux") is a sign of an incompetent 
lower esophageal sphincter. This matters because during mask 
ventilation, the stomach can become insufflated with air. If the 
sphincter doesn't prevent it, the air can force acidic stomach 
contents into the esophagus and oropharynx, from which they 
can be aspirated into the lungs. Patients with bad reflux often 
get rapid-sequence intubations (as we'll discuss in the airway 
chapter) to prevent this. 

Along the same lines, it's important to confirm that the 
patient has followed the NPO instructions. From the Latin nil 
per os [nothing by mouth], these direct patients to avoid eat- 
ing for eight hours before surgery. Policies on liquids vary from 
institution to institution, and are more lenient on average in 
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the pediatric population, but the goal is always the same: to 
minimize the volume of gastric contents and the likelihood of 
aspiration. 

One other issue from the GI standpoint is PONV, or post- 
operative nausea and vomiting. Predisposing factors include 
female sex; younger age; abdominal, breast, pelvic, eye, or ENT 
(ear, nose, and throat) surgery; history of motion sickness; and 
not smoking. These risks are additive, so a young nonsmoking 
woman having a laparoscopy is at very high risk for PONV. We'll 
discuss the prophylaxis and treatment in Chapter 7; for now, 
suffice it to say that such a patient will need to have that issue 
addressed. 

Neurological: While we want to know if central nervous 
system (CNS) pathology exists, the main idea behind our ques- 
tioning here is to learn whether there is any history of neuropathy 
or nerve injury. This is for two reasons. First, we want to docu- 
ment the patient's status as accurately as possible; nerve injuries 
occasionally happen during anesthesia, and if the patient tells 
the post-op nurse "I can't feel my right hand," knowing that this 
was (or wasn't) his baseline condition is paramount. The knowl- 
edge can also affect our anesthetic plan. Although evidence in 
this field is lacking, we generally avoid regional anesthesia in 
patients who have a history of neuropathy in the area being 
anesthetized; the theory is that exposing damaged nerves to 
local anesthetics could make the situation worse. These patients 
typically receive general anesthesia. 

One other area of concern deals with denervated parts of 
the body, as occurs with paraplegics and quadriplegics. Patients 
who have denervated muscles should not receive succinylcho- 
line because it can cause a sudden and dramatic hyperkalemia. If 
a patient isn't moving part of his body, be sure to ask why. 

Past anesthetics: In anesthesia, the past often predicts the 
future. If the patient has had surgery before, ask how it went. Did 
the anesthesiologist tell the patient there was any difficulty with 
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intubation? (In layman's terms, you might ask: "Did they have 
any trouble getting the breathing tube in place?") Did the patient 
have a bad sore throat afterward, suggestive of multiple attempts 
before successful intubation? Was postoperative nausea a prob- 
lem? Past history predicts the risk of PONV even better than the 
known risk factors; an otherwise low-risk patient who has had 
PONV in the past is at very high risk of having it again the next 
time he or she has an anesthetic. 

While rare, there are a few genetic conditions that can pro- 
foundly affect a patient's anesthetic course. The first is malignant 
hyperthermia, which we addressed in the previous chapter. The 
second is pseudocholinesterase deficiency, which causes patients 
to metabolize succinylcholine very slowly and stay pharmaco- 
logically paralyzed for hours with a single dose. Both are easy 
to ask about because patients who have such conditions in their 
family tend to have heard simplified explanations; simply ask 
your patients whether they have any family history of unex- 
pected fever during surgery or unusual reactions to anesthesia. 

Things we don't need: Since a pre-op is a focused H&P, 
there are some things we don't need. A detailed abdominal or 
neurological exam is not typically necessary, and the social his- 
tory is limited to whether (and how frequently) the patient uses 
alcohol or drugs. Family history is limited to the heritable condi- 
tions described above. One could say that we focus on the pre- 
sent; we don't worry so much about why a trauma happened or 
even whether it will happen again, but only how it is currently 
affecting the patient in the perioperative period. 

Having done the "history" part of our focused history and 
physical, we now do a quick physical exam. This begins with an 
exam you probably haven't done before. 

Airway: The airway is the number one focus of our physical 
exam because a thorough airway exam can prevent failed intu- 
bation attempts. First, look at the patient. Does he or she have 
a receding chin (micrognathia)? Now ask the patient to extend 
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his or her neck; assess its range of motion, then measure the 
thyromental distance (distance from the mandible to the thy- 
roid notch) with your fingers. A distance of less than four finger- 
breadths correlates with an increased risk of difficult intubation. 
Finally ask the patient to open his or her mouth as wide as pos- 
sible; look at the oropharynx. This is the basis of the Mallampati 
classification system, with grading as follows: 

• Grade 1: The bottom of the uvula is visible. 

• Grade 2: Part of the uvula is visible. 

• Grade 3: The soft palate is visible. 

• Grade 4: Only the hard palate is visible. 

Higher grades correlate with a higher risk of difficult intuba- 
tion, especially in combination with a receding chin or short thy- 
romental distance. Limited mouth opening (as occurs in some 
patients with temporomandibular joint disease or rheumatoid 
arthritis) is another risk factor for difficult intubation. If there is 
sufficient concern that a patient will be difficult to intubate, the 
anesthesia team may opt for an awake fiberoptic intubation; we'll 
learn how to do this in the airway chapter. 

One more point to inspect: the teeth. Does the patient have 
poor dentition, with teeth that may be easily dislodged during 
laryngoscopy and present an aspiration hazard? In extreme cases 
with teeth that are easily moved, the anesthesiologist may plan 
(always with the patient's consent) to remove the highest risk 
teeth after inducing anesthesia but before laryngoscopy and 
intubation. Alternately, is the patient already edentulous (devoid 
of teeth)? This makes intubation easier but distorts the facial 
anatomy and makes mask ventilation difficult. Always ask if the 
patient has any dentures, caps, or crowns; all removable dental 
hardware has to come out before the patient goes to the OR, and 
nonremovable dental hardware is a reason to be especially gentle 
while intubating. 
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Cardiac: Auscultate the heart with your stethoscope. Listen 
for a regular rate and rhythm, and for the S,-S 2 sound of a "nor- 
mal" heartbeat. Mild sinus tachycardia isn't unusual in patients 
nervously awaiting surgery and sinus bradycardia can be normal 
in resting athletes, but any other dysrhythmia or adventitious 
heart sound indicates further investigation — typically starting 
with an ECG. Along those lines, if the patient has had an ECG 
(which should be the case if he's over 50, has coronary artery dis- 
ease, or has had dysrhythmias), make sure you review it. 

Pulmonary: Have the patient sit up if possible, then auscul- 
tate the lungs both at the chest and at the back, on both sides (no 
cheating!) to check for any adventitious breath sounds. Rales, 
crackles, and wheezes are all significant; rales can signify con- 
gestive heart failure or fluid overload, and wheezes (especially in 
asthmatics) may suggest an albuterol treatment before and dur- 
ing surgery. Patients over 55 and those with pulmonary disease 
should receive a chest X-ray preoperatively As with the ECG, 
make sure to check the chart for it. 

Labs: Although it is probably safe for certain patients to go 
to the OR with no lab work (i.e., the 18-year-old athlete with a 
broken arm), most patients undergo at least basic lab work. This 
generally includes a basic metabolic panel, a hemoglobin and 
hematocrit (H8-H) or complete blood count, and a blood sugar. 
All female patients of childbearing age should probably receive 
a pregnancy test unless they are either already known to be 
pregnant or have had a hysterectomy. This is not only in case of 
intraoperative X-rays but also because the effects of anesthesia 
on the unborn child are not fully understood. We do know that 
the first trimester is the time of greatest risk, since most organ- 
ogenesis happens in the first eight weeks of pregnancy. Because 
of this, elective surgeries are often delayed until at least the 
second trimester if possible. 

These are the points you'll need on every patient exam — 
barring, of course, the "stat to OR" cases where even the briefest 
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exam presents an unacceptable delay. We take a calculated risk 
on those cases; it is possible that a patient who has a difficult air- 
way or undiagnosed pneumonia will be the victim of an accident 
or trauma. However, the benefit of immediate surgery outweighs 
the risks. In those cases, we document whatever we do know 
about the patient (which may be quite limited — i.e., "adult male 
patient with multiple gunshot wounds, stat to OR"). If things 
settle down a bit once the case starts, we fill in our knowledge by 
consulting the patient's chart and looking in the computer sys- 
tem for any applicable labs drawn in the emergency room. 

Before we can go to the operating room, the patient will 
need a signed consent form and a working IV. We'll learn about 
the IV in the chapter on procedures, but let's talk for a moment 
about consent. 

To give informed consent, a patient must understand what 
we are planning to do, what the risks and benefits of that treat- 
ment are, and what the alternatives (if any) are. You should 
explain this in layman's language, and a typical rap might go 
something like this: 

"This surgery is done under general anesthesia, and I'd like 
to briefly review with you what that involves. We're going to 
start an IV on you here in pre-op. After that, we'll give you some 
medication to make you feel sleepy and forgetful (if giving pre- 
medication), bring you into the operating room, give you oxygen 
to breathe, and put some monitors on you: ECG stickers, a tight 
blood pressure cuff, and a sticker on your finger that measures 
the oxygen in your blood. Once we've done that, we'll give you 
medication through your IV to make you go to sleep. We'll have 
to breathe for you during the surgery, so once you're completely 
asleep, we'll put in a breathing tube. At the end of the surgery, 
we'll take that tube out as you're waking up. 

"The main risks of anesthesia are minor complications, 
such as nausea, pain, or a sore throat where the breathing tube 
was. Rarely, it is possible to damage the teeth when placing the 
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breathing tube. Very rarely, more severe complications can occur, 
including heart, brain, or nerve damage, or even death. We will 
be there with you at all times during the surgery to make those 
risks as low as possible. Do you have any questions for me?" 

Ethically, this conversation is the most important part of 
consent. Once the patient understands the plan, risks, benefits, 
and alternatives, he can give informed consent; after he does so, 
you should theoretically be protected from a charge of battery, or 
unauthorized care. Unfortunately, there's a difference between 
theory and reality here. To help bridge that gap, we have patients 
sign a consent form acknowledging what we have told them. 
This is the only purpose of the consent form — it does not in itself 
provide informed consent, nor does it take the place of the doc- 
tor-patient conversation. 

Let's return to the H&P analogy for a moment. Just as an 
H&P ends with an assessment and plan, a pre-op should do 
the same. The assessment can be very brief: "47-year-old man 
with history of hypertension, diabetes, and asthma presents for 
appendectomy." The plan can be similarly brief. It should spec- 
ify what type of anesthesia you plan to do (general, regional, 
sedation) and whether you plan to use any special lines or mon- 
itors. If you expect that the patient will need anything unusual 
(like a ventilator or an ICU bed) after surgery, you should also 
make that part of your plan. While you may not need to doc- 
ument the details in your plan, I would urge you (especially 
while starting out) to go over a detailed plan in your mind. Pick 
out an induction drug, a way to manage the airway, a postoper- 
ative pain management plan. Think about the advantages and 
disadvantages of each choice. Going over these things in your 
mind will help you to think through why we choose different 
medications and techniques for different patients — and you'll 
be amazed at how quickly it starts to feel natural. 

Let me close with a word on bedside manner. Patients sched- 
uled to undergo surgery are anxious, though they often try not 
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to show it, and your demeanor can help or hinder the situation 
to an amazing extent. Be organized, upbeat, and professional — 
a smile goes a long way. One surgeon described the methodical 
way he closed incisions as his signature, and he was right: since 
it's all the patient can see of his work, it's how he will judge the 
whole job. The pre-op is the same for us. Our patients are uncon- 
scious for most of the time we share with them and often too 
groggy in post-op to remember us. A good preoperative inter- 
action leaves your patient reassured that he is in knowledgeable 
and skillful hands. It will allow him to feel less anxious and enter 
the OR confidently; it will allow you to do the same. 



The ABCs Start with 
"Airway" 



How to Intubate and 
Maintain Anesthesia 



One of our most important tasks is to manage the patient's 
airway. There are multiple tools we use for this, and we 
will examine each of them in this chapter. They can be 
divided into a few categories: 

• Supplemental oxygen devices 

• Masks (face or laryngeal) 

• Endotracheal tubes and laryngoscopes to help place them 

• Emergency rescue devices 

Supplemental oxygen devices take a few forms, such as nasal 
cannulas or loose-fitting masks, but all do only one thing: they 
increase the amount of oxygen delivered to the lungs with each 
breath. They do not allow for any sort of external assistance with 
ventilation nor do they allow airway pressure to be adjusted. 
Nasal cannulas (the "prongs" that enter the nose and deliver oxy- 
gen) are typically used with flows of two to six liters per minute, 
although the upper limit is not hard-and-fast when they are used 
for brief periods with humidified oxygen. This can occasionally 
come in handy on patients too anxious to tolerate a mask. It is 
possible to monitor respiration automatically by a simple modi- 
fication to the nasal cannula: before placing the cannula on the 
patient, take a 16-gauge IV catheter and insert it so that it pierces 
the plastic tubing and enters one of the prongs, then remove the 
needle and safely discard it. The catheter remains in the cannula 
for the duration of the case, and you can attach the tubing from 
the gas analyzer to it for an estimate of how often respiration is 
occurring. 

Cannulas provide an inspired oxygen concentration (Fi0 2 ) 
of up to about 40%. To give patients a higher concentration of 
oxygen, you need a mask; two types are available. A simple mask 
consists of an oxygen supply line and a face mask with two open 
ports that allow patients to breathe air if they inhale faster than 
oxygen is supplied. This lets the Fi0 2 reach about 60%, since it 
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provides a little external reservoir (the mask itself) that can fill 
with oxygen. To increase Fi0 2 further, a nonrebreathing mask is 
required; this mask involves a system of valves and a reservoir bag 
that can fill with oxygen during exhalation and between breaths. 
The valves ensure that all inhaled gas comes from the reservoir 
bag, which fills directly from the oxygen supply line. To use a 
nonrebreather mask, you need very high (15 1pm) flows so that 
patients can't drain the bag completely when they breathe in. 

The next step on our list is a snugly fitting face mask attached 
to a self-inflating (Ambu) bag or an anesthesia machine's breath- 
ing circuit. This can provide almost 100% oxygen, limited only by 
a bit of rebreathing, and allows the anesthesiologist to ventilate 
the patient simply by holding the mask firmly on the face and 
squeezing the bag to force air into the lungs. When an anesthe- 
sia machine is used for this, its automatic pressure limiting (APL, 
or "pop-off") valve must be closed first to allow positive pressure 
in the system. This sounds a bit complicated but is actually very 
handy. The mask can first be placed on the patient with the valve 
open, allowing oxygen to fill the lungs while the monitors are 
placed prior to induction; after induction, we simply close the 
valve to mask-ventilate the patient until we are ready to intubate. 

For most surgeries, we intubate the patient for two reasons. 
First and most obvious is the need to maintain ventilation; a 
patient who has received muscle relaxants is unable to breathe, 
as is a patient who is anesthetized to stage 4. Second is the need 
to defend the airway against secretions and aspiration. Awake 
patients who accidentally inhale a bit of foreign matter cough 
vigorously until it is cleared; anesthetized patients fail to do so. 
Bits of secretions (or worse, aspirated vomit) can then be spread 
throughout the lungs by positive-pressure ventilation, turning a 
localized problem into a much larger one. 

Let's look more closely at how we intubate because it's one 
of the most critical skills in anesthesia; even those readers who 
do not choose anesthesiology as a career will find good airway 
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management skills a valuable asset. We're going to look first at 
how to intubate with a traditional laryngoscope and a Macintosh 
blade, and will subsequently discuss alternate airway devices. Let 
me also preface this section by saying that you will not learn to 
intubate solely from reading this or any book; it is a skill learned 
only through practice. Reading this will, however, help you to 
become proficient much more quickly as an experienced anes- 
thesiologist guides you through your first intubations. 

The first step is to position the patient properly, so as to allow 
for an easy view and good mechanical advantage while per- 
forming laryngoscopy. Too low and you'll be bending over to see 
where you're going; too high and you won't be able to use your 
full strength, as we'll discuss in a moment. The optimal height 
has the patient's head around the height of your xiphoid process. 
The patient's head should also be on a foam pillow and angled 
back, as if looking up; the resultant pose has been termed the 
"sniffing position," and makes laryngoscopy easier. 

The patient is now preoxygenated as described above, and 
anesthesia is induced with one of the IV medications discussed 
in the Pharmacology chapter. The fasciculations seen with suc- 
cinylcholine are evident, and you're ready to intubate. Open the 
mouth using a scissoring motion with your dominant hand (i.e., 
pushing the upper teeth with your index finger and the lower 
teeth with your thumb), then insert the laryngoscope gently with 
your nondominant hand, being careful to avoid the teeth. Gently 
advance the laryngoscope into the oropharynx, then push it away 
from you, bringing the lower jaw and tongue with it. 

This part of the procedure is so counterintuitive that it 
deserves special mention. Most new trainees doing their first DL 
(direct laryngoscopy) are tempted to try a levering motion, both 
because of the laryngoscope's shape and because the proper tech- 
nique requires a surprising amount of force, particularly when 
intubating large adults. Do not use a levering motion with the laryngo- 
scope! The metal laryngoscope is stronger than the teeth (if you've 
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ever bitten down on a fork, you know what metal on teeth feels 
like) and you can easily damage the teeth by attempting to lever 
off of them. This is one of the most common malpractice claims 
in anesthesiology. 

How do you get sufficient force to do a DL in a large adult, 
then? The answer lies in proper technique. Since the laryngo- 
scope fits easily in one hand, it's easy to view it as a hand tool 
and attempt to move it only by moving one's arm. This is ineffi- 
cient, and usually works well only when a fairly large trainee is 
trying to intubate a small patient. How would you move a large 
object at home? Would you only push with one arm, or would 
you set your arms and then lean against the object to enlist the 
help of your powerful back and leg muscles? The same think- 
ing applies here. Place the laryngoscope carefully, then use your 
whole body's muscles to lift the lower jaw and tongue; you'll be 
surprised how much easier the DL becomes. 

Back to the DL. We're pushing the laryngoscope away with 
our entire body's force, producing a beautiful view of the oro- 
pharynx, but so far we aren't seeing vocal cords. That's normal 
at this stage. Using a scooping motion, place the laryngoscope 
blade deep into the oropharynx and slowly withdraw it while 
pushing the handle away from your body. You should see the 
epiglottis pop down suddenly. That's how you know that you are 
in the vallecula and therefore correctly positioned. 

At this point, pushing the laryngoscope vigorously away 
from yourself (and remembering what we said about biome- 
chanics a moment ago) should give you a view of the vocal cords. 
Without relaxing your arm and without taking your eye off the 
airway, have your assistant hand you the endotracheal tube that 
you previously styletted and tested. Place it through the vocal 
cords, then ask the assistant to pull the stylet out as you advance 
the tube further. You will want the tip of the tube to be about 
1-2 cm above the carina. Inflate the cuff gently, attach the tube 
to the breathing circuit (always holding the tube with one hand), 
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and test to ensure that you're in the trachea. Once you've con- 
firmed placement, turn on the ventilator, turn on whichever 
inhaled agent you're planning to use, and secure the tube with 
tape. 

Let's step back for a second, to where we talked about ensur- 
ing you're in the trachea. How do you do that? The first step is to 
watch the tube enter the trachea; just as sports players watch the 
ball at all times, you should watch the tube continuously while 
inserting it. The second step, after inflating the cuff, is to give the 
patient a breath with the ventilation bag and listen to the stom- 
ach with your stethoscope; a bubbling sound means that you are 
in the esophagus. If you hear nothing, listen over the lungs. It is 
critical that you listen to both sides when doing so because it is 
easy to place the tube into a mainstem bronchus — almost always 
the right, because it forms a smaller angle with the trachea than 
the left mainstem does. The C0 2 tracing on your gas analyzer 
provides further proof that your tube is in the trachea since gas 
exchange happens only in the lungs. 

Suppose that we are inducing anesthesia on a patient who 
has severe reflux or who is undergoing emergency surgery with a 
full stomach. Such a patient is at high risk for regurgitating stom- 
ach contents and subsequently aspirating them into his lungs, 
so we use a technique called rapid sequence intubation (RSI) to 
avoid pressurizing the stomach with air. In RSI, we preoxygenate 
the patient well and induce anesthesia without mask-ventilating 
prior to intubation. Succinylcholine is the muscle relaxant of 
choice because of its fast action. We also hold pressure on the 
cricoid cartilage to occlude the esophagus from the induction of 
anesthesia until we confirm successful intubation. 

Unless a surgery is very brief, we don't use a face mask as the 
main airway device. Does this mean we're stuck with an endo- 
tracheal tube? Not necessarily! The LMA, or laryngeal mask 
airway, is a very useful way to handle the airway in cases when 
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the patient will be able to breathe spontaneously (i.e., no mus- 
cle relaxant). As its name suggests, it covers the entrance to, but 
does not enter, the larynx — like a laryngeal version of a face 
mask making a seal around the nose and mouth. An inflatable 
balloon lets it seal, and a tube connected to the mask extends 
out from the mouth, enabling it to be connected to the breathing 
circuit (Fig. 5.1). 

Knowing how to place the LMA is important for two rea- 
sons. First, it is an excellent airway device; it avoids irritating 
the trachea with a tube and a balloon and also avoids subjecting 
the patient to direct laryngoscopy. Both of those decrease the 
incidence of postoperative sore throat. Second, it is sometimes 
the only airway device we can use. As anesthesiologists have 
become more comfortable using it in emergencies, the LMA has 
gone from being a useful novelty for outpatient cases to being an 
essential part of the difficult airway algorithm. Placing it, how- 
ever, differs radically from placing an endotracheal tube. The first 
major difference between the two is that we do not use a laryn- 
goscope to place the LMA. In fact, we do not routinely use any 
tool to visualize the airway when placing the LMA; placement 
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Figure 5.1. Laryngeal mask airway (LMA). 
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is "blind" and strictly tactile. This description of how to place it, 
therefore, can once again be useful only in conjunction with 
skilled training. 

The first step, as with the endotracheal tube, is to prepare the 
LMA. If possible, we do this before the patient even enters the 
room; after opening the package, quickly inspect the LMA and 
attach a syringe to its pilot balloon. (For adult LM As, a 20 to 30 mL 
syringe is just about right.) Inflate the balloon with the syringe 
and observe to ensure that it does not leak, then deflate the bal- 
loon over the course of a few seconds — don't rapidly suck all the 
air out of it because the resultant vacuum will make the balloon 
assume an odd, twisted shape and make the LMA difficult to place 
successfully. Put another way, you want the balloon to be devoid 
of pressure — positive or negative — and empty (Fig. 5.2). 

The first step is to induce anesthesia; we typically use propo- 
fol for LMA placement because we want patients to recover their 
respiratory drive quickly once the LMA is in place. We do not 
use muscle relaxants — even succinylcholine takes several min- 
utes to wear off, and nondepolarizers can take a few hours — but 
we need patients to be "deep" so that they will not resist LMA 
placement. 

Before you place the LMA, lubricate the back of its "mask" 
with Surgi-lube or other water-soluble lubricant. Standing at the 
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Figure 5.2. Laryngeal mask airway (LMA) properly inflated and 
deflated. 
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patient's side, facing the head (rather than at the head, facing 
the feet), hold the LMA with your thumb on one side of it and 
your third finger on the other. Your index finger will go against 
the back of the tube, to help push it into place. Now use a scissors 
motion to open the mouth with your wowdominant hand (unlike 
when doing a direct laryngoscopy) and push the LMA down 
along the natural curvature of the hard palate and oropharynx 
until it comes to a stop against the glottic opening. Inflate the 
balloon; you should see the LMA's tube extend slightly further 
from the mouth. 

Now that the LMA is in place, attach the breathing circuit 
and give the patient a test breath; as with endotracheal tube 
placement, you confirm placement by auscultating the lungs, by 
observing chest rise and fall, and by watching your C0 2 tracing. 
There are a few differences here too, though. Since the LMA 
can't enter the trachea (much less a bronchus), endobronchial 
intubation is not a concern. Also, sufficient positive pressure 
will drive air into the stomach — so we do not need to auscultate 
there, as long as the other signs are good. 

With the LMA in place and the inhaled agent turned on, 
there is one last difference between the LMA and the endotra- 
cheal tube. Instead of turning on the ventilator, we ventilate 
patients only enough to prevent hypoxia — typically only a few 
breaths per minute. This causes them to build up C0 2 in their 
blood, strongly stimulating the respiratory drive. After a few 
minutes of this, patients will typically be breathing regularly 
(albeit more rapidly than when awake — volatile anesthetics 
cause shallower, more rapid breaths), and maintaining a normal 
Sp0 2 andETC0 2 . 

Being able to use an LMA in an emergency can turn many 
"can't ventilate" situations into "can ventilate" situations, but 
there are some other airway devices that you should know. The 
first is a very simple one; its formal name is the Eschmann intu- 
bating stylet, but most anesthesiologists simply call it the gum 
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bougie (pronounced boo-zhee). The bougie consists of a long, 
flexible plastic rod with a diagonal bend close to one end, and it 
is very easy to use. It is ideally placed under direct visualization, 
but is more often used when vocal cords cannot be visualized; 
since the cords are almost always directly behind the epiglottis, 
we use the "hook" in the end of the bougie to reach behind the 
epiglottis and into the trachea. Placement is confirmed by feel- 
ing a "rat-tat-tat" scraping as the bougie slides over the tracheal 
rings. While holding the bougie (first at the bottom, and subse- 
quently at the top — but never letting go completely!), slide the 
endotracheal tube into place over it. Once the tube is in place, 
hold the tube securely, slide the bougie out from its lumen, con- 
firm tube placement, and secure the tube to the patient's face. 

Another tool that is becoming very popular for difficult air- 
ways is the videolaryngoscope. A hybrid of a laryngoscope and 
a video camera, the "video scope" resembles a Macintosh blade 
with a tiny camera near the tip and a small LCD monitor to 
display the image. This device, typically used with a styletted 
endotracheal tube, lets us see the vocal cords and intubate the 
patient without needing to "align the axes" of the trachea, oro- 
pharynx, and mouth. This makes it especially useful in patients 
with limited cervical mobility, but it is gaining popularity in 
other scenarios as well. 

Suppose we're expecting a difficult intubation. An expected 
difficult intubation is not an emergency — and handled well, it 
will not become one. You are starting with a patient who is able 
to defend his own airway. The key to handling this situation is 
maintaining his ability to breathe until you have taken over the 
airway. In other words, awake fiberoptic intubation. 

Awake fiberoptics are one area where techniques are like 
noses: everybody has one, and each one's a little different. This 
is the simplest technique, and it has served me well. I start with 
a nebulizer (the preoperative area will have them for albuterol) 
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and add lidocaine. This anesthetizes the mouth and oropharynx 
sufficiently that you should be able to proceed with the next step; 
you then place a cotton pledget in a specially designed forceps, 
soak it in 4% lidocaine, and nestle it in each tonsillar pillar for 
one minute to anesthetize the tenth (vagus) nerve as it passes 
through. Don't let go of the pledget! Prepare a few mL of 2% 
lidocaine in a slip-tip syringe (not the type that screws onto a 
stopcock), introduce the fiber scope into the patient, and when 
you see the vocal cords, spray the lidocaine through the scope 
onto the cords to anesthetize them. You can then advance the 
scope through the cords and slide the tube over the scope (while 
keeping the scope in place!), then visualize the tube in the larynx 
as you withdraw the scope. You theoretically wouldn't have to 
confirm placement afterward since direct visualization of the 
trachea through the tube (and the carina below) is the gold stan- 
dard, but it's always best to do your other confirmatory steps 
too — if only so that they remain instinctive. 

As an alternate, more traditional technique, some anesthe- 
siologists use variations of the following. The tongue is first anes- 
thetized with lidocaine jelly (beware: lidocaine tastes awful) 
before the aforementioned pledget technique. You then block 
the superior laryngeal nerve as it passes beneath each cornu of 
the hyoid bone (it's a field block performed by injecting a few mL 
of 2% lidocaine) and draw up a few more mL of 2% lidocaine 
to do a trans-tracheal block. This block is done with a narrow- 
gauge needle placed through the anterior aspect of the trachea; 
air is briefly aspirated to confirm tracheal placement, and the 
lidocaine is then injected before the needle is removed. The 
resulting coughing fit distributes the lidocaine throughout the 
lower airways. 

The latter technique involves subjecting patients to a big glob 
of foul-tasting lidocaine jelly and subsequently to three sepa- 
rate needlesticks in the neck. The former technique uses neither 
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lidocaine jelly nor needles. In the unlikely circumstance that a 
small area is spared from anesthesia, Cetacaine spray can quickly 
address the problem. 

The preceding techniques are appropriate for difficult air- 
ways that can reasonably be managed with an endotracheal 
tube. For bizarre airway pathology, such as large tumors, awake 
tracheostomy under local anesthesia is a reasonable option. The 
entire procedure, including the local, is typically done by the 
surgeon. The breathing circuit is then attached to the newly cre- 
ated tracheostomy for preoxygenation, and anesthesia can be 
induced with TV agents. 

Up to this point, we've focused mainly on managing the air- 
way. Let's now look at how to start a case smoothly, from the 
moment the stretcher rolls into the room. 

As you're entering the room, give the patient's chart to the 
circulating nurse. Line up the stretcher so that it's parallel to the 
operating table, lock the stretcher, and hold it steady as the nurse 
waits on the other side of the OR table in case the patient goes 
too far. Have the patient move to the table. Unlock the stretcher, 
move it away from the bed, and replace the armboard on the 
side of the OR table where the stretcher had been. Don't walk 
out of the room to "park" the stretcher unless other anesthesia 
personnel are present; nurses or members of the surgical team 
will typically do this for you, and you can't leave the bedside at 
this point. 

Remove the patient's arms from the sleeves of the gown, 
place the pulse oximeter on one finger of the side with the IV 
(hint: don't use the index finger, since patients may instinctively 
rub their eyes with it as they emerge from anesthesia), and put 
the blood pressure cuff on the opposite arm. Cycle the blood 
pressure cuff; while it is measuring the blood pressure, apply 
the ECG leads. With the APL ("pop-off") valve completely open, 
place the mask on the patient's face for preoxygenation. You are 
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now ready to induce anesthesia and intubate, as we described 
above. 

Is our job done once tube placement is confirmed? Not at all! 
Once tube placement is confirmed and the tube is secured, we 
have a few tasks remaining. First, to protect the patient's eyes, 
we apply a single piece of tape to each eyelid to hold it closed 
and prevent the eyes from drying. Next, if an orogastric tube or 
esophageal temperature probe is to be used, we place it. To do 
this, push it down into the mouth along the hard and soft pal- 
ates, allowing their natural curvature to direct it into the esoph- 
agus. A small amount of water-soluble lubricant (Surgi-lube or 
something similar) makes this easier; pushing the tongue out of 
the way with a tongue depressor can also help. 

For some surgeries, the arms will need to be "tucked." This 
refers to removing the armboards from the OR table and wrap- 
ping the arms in a sheet placed under the patient, then tucking 
the free ends of the sheet back under the patient to hold the arms 
in place. Generous amounts of foam padding are always used 
with this. Even if the arms will not be tucked for a procedure, 
it is important to pad them; especially high-risk for injury are 
any bony areas, like the elbow. If the arms are tucked, it is also 
important to check the IV(s) afterward to ensure they are still 
patent. The same is true for the arterial line, if present; the wave- 
form on your monitor should appear unchanged from before the 
arms were tucked. 

By this point, you have brought your patient from pre-op 
to the OR, started monitoring, induced anesthesia, managed 
the airway, and made all necessary preparations for surgery to 
begin. Let's now skip ahead to the end of the case and see what 
we'll do when it's time to "wake up." 
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Waking Up and 
Hitting the Road 

Extubation, Post- Op, 
and Giving Report 



Anesthesia has been likened to flying an airplane, with 
induction as our version of takeoff and maintenance 
of anesthesia replacing level flight. Just as landing a 
plane safely and smoothly is one of a pilot's hardest jobs, a gentle 
emergence is one of ours: a combination of art and science. 

There are multiple reasons that a smooth emergence is chal- 
lenging. Emergence in itself depends on unpredictable physio- 
logical factors, chief among them a patient's place on the bell 
curve of responsiveness to volatile anesthetics. When sedatives 
are given for premedication, patients may not fully metabolize 
these during a short surgery; these too affect emergence. Even 
when there is no surgical stimulation, the presence of an endo- 
tracheal tube is intensely unpleasant and patients often gag on 
the tube as soon as they "come to." 

Let's first look at the various demands placed upon us at the 
end of the case, and then consider how we can balance them. 

• Making the transition from mechanical ventilation to 
spontaneous ventilation 

• Keeping the patient anesthetized and still while the sur- 
geon closes the incision, then waking him (the patient!) 
up promptly 

• Preparing for and preventing postoperative pain and 
nausea 

• Defending the patient's airway until he or she is ready to 
do so unassisted 

• Transferring the patient smoothly to the stretcher and 
subsequently to post-op 

The first three of those concerns are pharmacologic, and the 
interplay between them can work to our benefit. For example, 
to dose opioids based only on patients' weight would ignore how 
their pain level and sensitivity to medication can vary. But how, 
then, do we know how much pain medication to give before they 
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wake up? We take advantage of another physiological variable: 
respiratory rate. Since opioids depress respiration, we give them 
to anesthetized but spontaneously breathing patients until the 
respiratory rate is around 12-16/min. Once opioids have been 
titrated to this endpoint, we have at least a very good begin- 
ning for postoperative pain control and yet we know that we 
have not given an overdose that will prevent our patients from 
breathing. 

We need our patients to be breathing spontaneously before 
we can do this, so let's consider how to wean them from mechan- 
ical ventilation. The first step is to ensure that they are strong 
enough to breathe on their own; this means that all muscle 
relaxants need to be reversed. Thinking back to the pharmacol- 
ogy chapter, we assess a patient's muscle relaxation status with 
the peripheral nerve stimulator. Once one twitch has returned 
on a train of four, we can reverse the muscle relaxation; once the 
patient has four twitches (which happens within a minute or so 
after reversal is given) and a sustained tetanic muscle contrac- 
tion for five seconds, he or she is strong enough to start breathing 
unassisted. 

If we simply turn off the ventilator at this point, we will 
notice that the patient does not typically start breathing. This 
is because volatile anesthetics increase the level of C0 2 that the 
body tolerates; since we adjust the ventilator to maintain normal 
physiological parameters, the patient's brain sees no reason to 
breathe on its own. The answer, therefore, is to allow a moder- 
ate degree of hypercapnia (called "permissive hypercapnia") by 
hypoventilating the patient as we reverse muscle relaxation. We 
can do this automatically, setting the ventilator to provide mild 
hypoventilation, or we can simply preoxygenate the patient 
and then ventilate the patient slowly by hand while monitoring 
ETC0 2 . The pulse oximeter will tell you if the patient is start- 
ing to desaturate. The ETC0 2 may reach the 40s or even the 50s 
before the patient starts to breathe but should come back down 



76 ANESTHESIA CRASH COURSE 

after he or she starts to breathe again. At this point the patient 
will typically be breathing with rapid, shallow breaths — and 
you can start titrating in the opioids. 

Opioids are not the only drugs whose characteristics can help 
us end a case smoothly. For example, we know that patients take 
awhile to "breathe off" volatile anesthetics, particularly older 
agents like isoflurane. If we are using such an agent and plan to 
extubate the patient at the end of the case, we can therefore turn 
it off and start giving nitrous oxide as the surgeon is starting to 
close the incision. The nitrous oxide and the remaining isoflu- 
rane keep the patient anesthetized while the surgeon finishes; 
as he prepares to dress the wound, we turn off the nitrous oxide 
for a quick wakeup. 

As the patient is waking up, we have a crucial decision to 
make: when is the patient safe to extubate? Instinct, out of desire 
to be humane and prevent suffering, suggests that we "pull the 
tube" as soon as we see the patient bucking and moving, appear- 
ing to gag on the endotracheal tube. The problem is that a patient 
can buck on the tube while still passing through stage II — and 
as we recall from discussing anesthetic pharmacology, stage II 
is when laryngospasm is most likely. If an extubated patient 
goes into laryngospasm, he will try to inhale while his larynx is 
unable to pass air — and the result is a phenomenon called nega- 
tive pressure pulmonary edema, or NPPE. In NPPE, the vacuum 
created in the lungs pulls fluid from the interstitial spaces into 
the alveoli. Clearly, we want to prevent this. 

How, then, do we know that the tube can safely be removed? 
There are several criteria, all of which must be met: 

• All muscle relaxants must be completely reversed. 

• The patient must be breathing spontaneously and reg- 
ularly, with no assistance other than mild positive end- 
expiratory pressure (PEEP) to compensate for the extra 
effort of breathing through a tube. 
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• The tidal volume (volume inhaled with each breath) 
should be adequate to maintain a stable and normal or 
slightly elevated ETC0 2 . 

• Patients must be awake enough to follow simple com- 
mands, such as opening their eyes or squeezing fingers 
placed in their hands. 

Suppose the patient meets all of these criteria; how do we 
extubate him or her? The first step is to clear secretions from 
the airway with a Yankauer suction so that they cannot pose an 
aspiration risk or cause laryngospasm when the tube is removed. 
Now prepare an empty 10 mL syringe and, while holding the 
tube steady, gently remove the tape from the patient's face. Close 
the pop-off valve partway so that pressure starts to build in the 
breathing circuit (to, say, 10 cm H 2 0) and deflate the pilot bal- 
loon, then remove the endotracheal tube. The low level of posi- 
tive pressure in the lungs serves to blow any secretions near the 
tube safely outward as the balloon deflates. 

Immediately after extubating the patient, remove the tube 
from the breathing circuit and replace it with the mask you used 
for preoxygenation. Open the pop-off valve completely and put 
the mask on the patient's face. Occasionally a patient will suffer 
airway obstruction after being extubated, so watch each of your 
patients for a minute or two after extubating them to ensure that 
they can defend their airways without assistance. Once you're 
ready for transport, simply switch the patient to a face mask 
attached to an oxygen tank. 

Suppose the patient is otherwise ready to be extubated, but the 
surgeon needs a little more time. No problem: give a little propofol. 
If the surgeon has more than a few minutes to go, you can then 
give a relatively insoluble inhalational agent like nitrous oxide or 
desflurane. Each of these strategies lets you adjust the duration of 
anesthesia precisely, and when the surgeon is ready, the patient 
should be able to be extubated safely within a few minutes. 
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Once the patient has been extubated and is breathing well 
with a face mask and the surgeon has completely dressed the 
wound, you are ready to transport the patient to PACU — the post 
anesthesia care unit. Remove the monitors from the patient, lock 
the stretcher's wheels, move the patient to the stretcher, switch 
his or her oxygen tubing to the oxygen tank on the stretcher 
(check the tank first to ensure it's not empty, then set it to 15 
lpm), and roll the stretcher to the PACU. You will be at the head 
of the stretcher, with the surgeon taking the other end; patients 
are always moved feet-first, allowing you to monitor their respi- 
ration while helping to push the stretcher. 

The PACU is essentially a specialized ICU dedicated to post- 
operative recovery, and your routine upon arriving there should 
mirror the way you would deliver a patient to the ICU. The first 
priority, after ensuring that the patient's ABCs are still stable, 
is to connect him or her to the monitors. This means you — 
give the nurse a hand, and she'll appreciate it. Pulse oximetry 
should come first, followed by ECG and blood pressure; when 
the pulse oximeter's steady beeps reveal a regular rhythm (as 
they typically do), you can save a few seconds by cycling the 
blood pressure cuff while applying the ECG leads. 

Once you've established that the patient is stable, give a report 
to the PACU nurse. Your report needs to include the following: 

• The patient's name, age, and sex. "This is John Doe, a 
67-year-old male ..." 

• The surgeon's name and surgical procedure (and, unless 
obvious, its indication). " . . . who had a laparoscopic chole- 
cystectomy by Dr. Frazier for gallstones ..." 

• The type of anesthesia given, and any complications or 
unexpected problems. "... under general anesthesia, with 
an easy intubation but a difficult mask ventilation." 

• The amount of fluids you've given, the estimated blood 
loss (EBL), and the urine output if a Foley catheter was 
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placed. "He received 2000 mL of lactated Ringer's solution 
and 500 mL of albumin. EBL was 100 mL, and urine out- 
put was 600 mL." 

• A list of all lines and tubes present in the patient. "He has 
a 16-gauge IV in the left hand, an arterial line in the right 
radial artery, and a Foley catheter." 

• A summary of the anesthetic, including muscle relaxants, 
pain medications, PONV prophylaxis, and antibiotics. "He 
received rocuronium for muscle relaxation, and this was 
reversed with neostigmine and glycopyrrolate. He's had 
200 micrograms of fentanyl, 6 milligrams of morphine, 
and 4 milligrams of ondansetron so far. One gram of cefa- 
zolin was given at 9 A.M." 

• A brief medical history of the patient, typically limited to a 
summary of important issues. "Past history is remarkable 
for coronary artery disease, chronic back pain, and diet- 
controlled type II diabetes." 

• Any issues you expect to arise in the post-op period. 
"He's on oxycodone at home for the back pain, so he may 
require higher-than-normal doses of opioids. Let's also 
check a sugar because of his diabetes." If you had to give 
naloxone or flumazenil to reverse the effects of opioids or 
benzodiazepines, respectively, be sure to mention this to 
the PACU nurse; these medications can wear off before the 
drugs whose action they oppose, so close monitoring is a 
must. 

• Whom the nurse should contact if issues arise; this is typi- 
cally the attending who has done the case with you, unless 
he has given instructions for another attending to provide 
postoperative care. 

Paperwork varies by institution, but PACU is where you will 
finish it for most patients. Record the vitals on arrival, make sure 
you've filled everything out, and confirm that your drug tallies 
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reflect everything you've given. Hand in your paperwork and 
make sure that your room is ready for the next case — all medi- 
cations drawn up, vaporizers refilled, fresh airway equipment 
prepared, all lines and monitors at the ready. 

In this chapter, we alluded to the importance of controlling 
postoperative nausea and vomiting. Let's take a closer look at 
how we do that. 



Don 't Launch 
Your Lunch 

Anti-Nausea Therapy 



One of the most dreaded, and unfortunately one of the 
most common, anesthetic complications is termed 
PONV: postoperative nausea and vomiting. Apart from 
being highly unpleasant, it can also be dangerous to the patient. 
Vomiting is associated with a sharp rise in both intracranial 
pressure (ICP) and intraocular pressure (IOP); this rise in IOP 
can jeopardize delicate surgical repairs to the eye, and a sharp 
ICP rise is likewise unwelcome after neurosurgery. It is therefore 
vital that we learn to control PONV as effectively as possible. 

Postoperative nausea and vomiting happens for a variety of 
reasons, not all directly related to the anesthesia or the surgery: 
almost all surgical patients receive opiates for post-op pain, and 
opiates themselves cause nausea in many patients. Nonetheless, 
inhalational agents and etomidate also predispose to nausea, 
and some groups are at higher risk than others: 

• Younger patients 

• Women 

• Patients having surgery on the abdomen, pelvis, ear, 
breast, or eye (strabismus surgeries will lead to nausea in 
most patients) 

• Patients having any surgery when blood can enter the 
stomach, like tonsillectomy 

• Nonsmokers 

• Patients who have previously suffered from PONV or 
motion sickness 

These risks, as we saw earlier, are additive. A young woman 
is at higher risk than a young man, who's at higher risk than an 
older man; someone with three or four risk factors is at very high 
risk indeed. So what can we do about it? There are multiple clas- 
ses of drugs that prevent nausea and vomiting ("antiemetics"), 
which we can use singly or in combination. Let's take a closer 
look at them. 
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The first class of drug that we give to prevent or treat PONV 
is the 5-HT 3 antagonists. A neurotransmitter, 5-HT is also called 
serotonin; 5-HT 3 is a subtype of serotonin receptor found mainly 
in the brain's vomiting center. These drugs, which all end in 
-tron (ondansetron, dolasetron, granisetron), therefore act to 
suppress the brain's signal to feel nauseated and vomit. They are 
very effective and have the fewest side effects of any drug we 
give for PONV. Their popularity was initially limited by price, 
but ondansetron (Zofran) is now available in generic form. This 
should be your first-line drug. 

While the 5-HT 3 antagonists are the clear choice for patients 
who receive only a single antiemetic agent, we often give more 
than one drug to patients who are at high risk or who have failed 
single-agent treatment in the past. One choice as a supplemental 
agent is dexamethasone, an IV corticosteroid. Dexamethasone 
has antiemetic properties on its own but is most effective when 
combined with a 5-HT, antagonist; this synergistic effect is a 
good start when one agent isn't enough. 

Prior to the advent of 5-HT 3 antagonists, we treated PONV 
with an array of other drugs. These are not as popular today, 
but you'll still see them used in patients who require multiple 
antiemetics. Prochlorperazine, or Compazine, is a central dopa- 
mine (D 2 ) antagonist with antiemetic effects. Unfortunately, its 
neuroleptic effects often leave patients feeling as if they are in an 
altered state. Promethazine, or Phenergan, is an H l blocker that 
also antagonizes D 2 and muscarinic receptors. Like other anti- 
histamines, it is mildly sedating; its anticholinergic properties 
also cause dry mouth and urinary retention. Metoclopramide, 
or Reglan, increases gastric motility. It also loosens the pyloric 
sphincter and tightens the lower esophageal sphincter; its anti- 
emetic effect is modest. 

One of the older antiemetics deserves its own section because 
of the controversy it has generated. Droperidol, a member of the 
same phenothiazine family as the antipsychotic haloperidol, was 
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initially a very popular antiemetic because of its efficacy and low 
price. Unfortunately, it was found to lengthen the QT interval; 
in patients who already have a long QT or who take medications 
that lengthen the QT, this can predispose to malignant dysrhyth- 
mias and cardiac arrest. The U.S. Food and Drug Administration 
(FDA) investigated droperidol's risks and benefits and issued a 
"black box" warning, so named because it was placed in a bold 
black box at the top of its drug information sheet. 

Some anesthesiologists stopped using droperidol altogether 
when its problems became known. A few continue to use dro- 
peridol unless a patient's ECG shows a long QT interval. Many 
anesthesiologists are somewhere in between; while they do not 
use it frequently, they consider it in patients with intractable 
PONV. It is now generally used with ECG monitoring, avoided 
in patients with a long QT interval, and given in much smaller 
doses than were historically used. All three of these strategies 
substantially reduce the risk associated with this drug. 

As with pain, we have preemptive strategies when we expect 
nausea after surgery. Here are some ways to prevent PONV: 

• Use regional anesthesia where possible. While epidural 
and spinal anesthesia can lead to nausea, this is almost 
always caused by hypotension (from sympathetic block 
and resulting peripheral vasodilation) and can be treated 
with IV fluids and ephedrine to raise the blood pressure. 
In patients having surgery on their extremities, single- 
shot nerve blocks or nerve block catheters are very effec- 
tive and generally well tolerated. Not only can regional 
techniques help us avoid general anesthesia with volatile 
agents, they can also considerably reduce a patient's need 
for opiates — all of which can cause nausea. 

• Premedicate with ondansetron before going to the operat- 
ing room, especially for brief surgeries. 
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• Induce anesthesia with propofol, where clinically applica- 
ble, instead of etomidate. Propofol is a potent antiemetic, 
whereas etomidate is sufficiently pro-emetic that it has 
been nicknamed "vomidate." 

• Maintain anesthesia with a propofol infusion ("drip") 
and inhaled agents, or even with propofol alone at higher 
doses. We don't routinely do this both because of expense 
and because it has been associated with a higher incidence 
of postoperative recall, but the cost is not extreme and BIS 
monitoring — especially in conjunction with amnesties 
like midazolam — should reduce the likelihood of recall. 
Propofol can also be used in very low doses (10 mg at a 
time) to combat nausea in awake patients. Don't forget 
that it depresses respiration — you must monitor the patient 
at all times while doing this, but it can help where nothing 
else does. 

• Dronabinol, a marijuana derivative, has shown promise 
as an antiemetic. It is approved by the FDA for nausea, 
although it is more frequently used in the context of che- 
motherapy than PONV. Side effects include altered men- 
tation and hunger. 

• Some older nurses and CRNAs give nauseated patients an 
alcohol wipe to sniff. This probably works mainly by dis- 
tracting the patient, but in some cases it is very effective. 

Postoperative nausea and vomiting is not the only thing to 
avoid in the operating room. In the next chapter, we'll smooth 
your entry into the OR with some easy mistakes to avoid. 
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Big No -No's 



T 



here are a few things to avoid in anesthesia because they're 
easy ways to hurt the patient or cause chaos in the OR. 
These fall into a few basic categories: 



Preoperative Assessment 

Don't forget to be thorough. It's easy to assume that the H&P 
in the chart is complete and that its labs are current, but it's 
important to check each salient point with the patient and 
to verify that nothing has changed since this record was 
made. Surgeons may grumble about the time it takes, but 
they tend to focus mainly on the operation at hand; part of 
your job is to see, and protect, the whole patient. 
Evaluate each patient who might be pregnant as if she is. 
Some hospitals won't accept anything but menopause or 
hysterectomy as reasons not to do a urine pregnancy test — 
and in my heart I think they're right. You have a limited 
amount of time to do a pre-op; why waste it trying to fig- 
ure out whether the patient (who inevitably has her entire 
family in the room with her) might have some chance of 
being pregnant? The urine test is cheap and reliable. Sure, 
you could ask while you're on the way to the OR, but are 
you going to cancel the case at that point? 
Make sure the attending is aware of anything unusual you 
find on your pre-op, even if you think he or she already 
knows. Murphy's Law definitely applies here: the more 
relevant your discovery, the less likely anyone else knows 
about it. 



Equipment 

Don't press the oxygen flush button while the patient is on 
the ventilator. This exposes the lungs to full oxygen line 
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pressure (50+ psi) and can easily cause a pneumothorax. 
If you need to fill up the ventilator bellows with gas, turn 
up your gas flows for a little while. Occasionally you'll see 
someone use the oxygen flush button briefly, but it's not a 
good habit to copy. 

• Don't lever off the teeth when using the laryngoscope. 
Teeth are fragile, and this is another potential anesthesia- 
related lawsuit. The proper motion is strictly a pushing 
motion, pushing the tongue and lower jaw up and away 
from you. If you are doing any sort of levering or pulling 
any part of the laryngoscope toward yourself, STOP. You 
are not using it properly if this is the case; ask your res- 
ident or attending for help. The most common problem 
that makes people feel like they are not strong enough to 
perform direct laryngoscopy is poor positioning, as we dis- 
cussed in the airway chapter. 

• Don't neglect to confirm tube placement. Even though you 
(we hope) saw the tube pass through the cords, assume it is 
in the esophagus until you have proven otherwise with positive 
end-tidal C0 2 and bilateral breath sounds. Tubes can be 
dislodged in the strangest and most unlikely ways, and an 
unrecognized esophageal intubation is a catastrophe. You 
also need to recheck tube placement whenever you change 
the patient's position, especially when this involves mov- 
ing to a lateral (lying on one side) or prone (lying on the 
belly) position. Of note, although mist in the tube is often 
taken as a sign of tracheal intubation, it is not reliable; the 
stomach is also a moist environment. 

• Don't fill vaporizers with the wrong anesthetic. This ruins 
the vaporizer (since its contents are unknown) until the mix 
of volatile agents can be drained and flushed from it, which 
is messy and also a lot of work for the techs. Desflurane has 
such a unique filling system that it's rarely implicated in 
mixups, but other agents come in similar-looking bottles 
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whose safety features are not foolproof. The only safety 
mechanism preventing you from filling an older isoflurane 
vaporizer with sevoflurane is you\ 

• Don't forget to lock the table when you are ready to put the 
patient on it. Having a table move unexpectedly is dan- 
gerous to the patient and very irritating to the OR staff; 
everyone's heard of someone who accidentally dropped a 
patient, and we tend to be a bit paranoid about this. 

• Don't move the table without keeping one hand on the 
endotracheal tube — or better yet, disconnecting the cir- 
cuit temporarily. Yes, it's taped down, but if your breathing 
circuit gets tangled with anything else, the table's momen- 
tum can exert tremendous force on your tape; even if the 
tape itself is not torn off, the skin may be damaged or move 
enough to dislodge the tube. 

• Don't change patient positioning without thinking of pres- 
sure points. This is another leading cause of anesthesia-re- 
lated lawsuits. A slight tilt of the table can make an arm fall 
from the armboard, leading to a nerve injury; a seemingly 
slight bend in the table may trap a finger, leading to ampu- 
tation. When you turn a patient prone, always be sure that 
there is no pressure on the eyes and nose, lest the patient 
become blind or develop a disfiguring ischemic necrosis of 
the nasal cartilage. This check should be repeated every 1 5 
minutes. Someone — either you or the surgeon — should 
also check for pressure on the patient's breasts (if female) 
or genitalia (if male) after moving the patient to the prone 
position. Don't forget to document! 

• Don't forget to label your syringes. While we make an 
informal exception when drawing up a single dose for 
immediate use, any other drug must be labeled. As a cor- 
ollary, never give a drug to a patient unless you are abso- 
lutely sure of what it is. If you don't know what is in the 
syringe, throw it away. 
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OR Life 

• Don't contaminate the surgeon, the scrub nurse, the sur- 
gical field, or the instrument tables. This is a quick way to 
annoy the OR staff. Basically, if it's sterile, give it a wide 
berth. If you ever played the "cooties" game as a little kid, 
it's the same idea: keep away! Likewise, don't walk into 
the OR without scrubs and a cap (and a mask, unless there 
is nothing sterile in the room). Your institution may also 
require shoe covers. Yes, some of the more senior surgeons 
occasionally have a minor (or not-so-minor) breach in ste- 
rility and nobody says anything. But as a new person, you'll 
be held to a very high standard until everyone knows who 
you are. This is especially true for med students; in fairness 
to the scrub nurses, new trainees have violated sterility in 
some pretty creative ways, and it's left them a bit gun-shy. 
Just suck up your pride and accept that you'll be yelled at 
once or twice. It does get better. 

• Speaking of sterility, don't hesitate to prep widely before 
doing your sterile procedures. There is an old joke among 
surgical residents: 

Resident: Did you hear about the intern who got yelled at 
for prepping too big an area? 

Intern: No! 

Resident: Me either! 
The only temptation to avoid here is using prep solution so 
liberally that it pools, since it's flammable. But unless you're 
starting with bowls of flammable prep solution, like the sur- 
geons do, your chances of pooling are minuscule. ChloraPrep 
sticks and similar products simply don't dispense enough prep 
for this to become an issue. 

• Don't forget to warm the patient; the OR is cold, and all 
but the briefest procedures will predispose patients to 
hypothermia. Although surgical wound infections and 
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hematomas are typically blamed on the surgeons, they're 
still avoidable complications whose likelihood you can 
reduce. Beyond that, waking up while hypothermic is 
quite unpleasant: put yourself in the shoes of the poor guy 
who's emerging with a body temperature of 93.0 °F, or the 
luckless PACU nurse who's stuck trying to thaw him out. 

• Don't use a needle without knowing where it is at all times. 
Anesthesiologists work in cramped confines, especially as 
cases start; it is not unusual to have an anesthesiologist, 
a resident or CRNA, and an anesthesia tech all crammed 
into the area between the head of the bed and the anes- 
thesia cart. Practice looking a moment before moving, any 
time you are holding or working around sharps; this sim- 
ple precaution can prevent a majority of needlestick inju- 
ries. Likewise, dispose of sharps as soon as you no longer 
need them. 

• Don't forget to be sure that PACU is aware of your impend- 
ing arrival. Although your PACU is hopefully large enough 
that space won't be an issue, the nurses may be juggling a 
few crises at once — make sure they're able to accommo- 
date your patient before you go. At some hospitals, you 
are responsible for calling them; at others, it is the circu- 
lator's job. Regardless, make sure it gets done. Nothing's 
as embarrassing as being sent back to the OR from a full 
PACU. 



Pharmacology 

Don't give muscle relaxants in place of inhaled anesthetics 
or propofol. Muscle relaxants have no anesthetic, analge- 
sic, or hypnotic effects; even though the patient appears 
perfectly still, he is completely awake. This is where the 
"I was awake for my whole surgery" TV stories (and 
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accompanying lawsuits) arise. Use muscle relaxants, but 
use them wisely. The only momentary exception, and you 
won't need to worry about this until much later, is crit- 
ical patients who require emergent surgery and whose 
blood pressure can't tolerate any anesthesia at all. The 
BIS makes it much easier to know whether patient move- 
ment is due to light anesthesia or lack of muscle relaxant; 
in its absence, tachycardia and hypertension (or the lack 
thereof) are valuable clues. 

• Don't give sedation without continuously monitoring the 
patient. You can "give" (transfer care of) a sedated patient 
to another anesthesia provider, a PACU nurse, or an ICU 
nurse. Those are the only times that you can walk away 
from a sedated patient. If you give sedation in pre-op for 
a regional anesthetic and the room isn't ready afterward, 
you are stuck at the bedside until it wears off unless there 
is a pre-op nurse who can keep an eye on the patient. 

• Don't forget to ask the surgeon if the patient should receive 
antibiotics. Antibiotic prophylaxis is indicated for most 
surgical procedures, and remembering it can prevent 
many postoperative complications. Putting the antibiotics 
where you will see them (i.e., where you set your chart) is 
an easy way to ensure that you don't forget them. 

• Don't start an IV on yourself. Certain medical subcul- 
tures (paramedics in particular) like to do this as a show of 
machismo, but it has been misinterpreted as evidence of a 
drug habit. If you're trying to work while sick (shame on 
you!) and are dehydrated, let one of your coworkers start 
the IV. Likewise, if you have a legitimate need for IV medi- 
cation (typically Zofran), get someone else to give it to you: 
the sight of a coworker injecting himself with something is 
bound to set the rumor mill rolling. 

• And finally: don't even think about using the drugs your- 
self. Too many residents, anesthesiologists, and CRNAs 
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have died thinking that they could use "just a little" fen- 
tanyl, or Versed, or propofol. Dr. Sally Raty director of the 
anesthesiology residency at Baylor College of Medicine, 
put it this way when addressing students interested in 
anesthesia: "There are some things you don't consider. 
You didn't get up this morning and decide whether to rob 
a bank; you decided long ago that you wouldn't. Decide 
the same thing right now about drugs. If you can't, don't 
go into anesthesia." If you're currently using substances — 
get help now, because the problem will not improve on its 
own. 

In this chapter, we've looked at what you shouldn't do. In 
the next, we'll look at what you should — the proper technique for 
some common anesthesia procedures. 
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Sharp Objects, Part I 

IVs, Arterial Lines, 
and Central Lines 



Aside from intubation, most procedures in anesthesia 
involve some sort of needle. Proper technique is impor- 
tant both for a successful procedure and for the safety of 
the anesthesia team. In this chapter, we're going to see how to do 
three basic procedures safely and effectively: IVs, arterial lines, 
and central lines. 



Starting an IV 

Materials you will need: 



IV bag 

IV tubing set (may be preassembled with IV bag) 

Tourniquet 

IV catheter(s) 

Alcohol wipes 

4x4 gauze 

Tape 

Occlusive dressing (Tegaderm, OpSite, or similar) 

Nonsterile gloves 

Insulin syringe filled with lidocaine (optional) 



The first procedure most people associate with anesthesiol- 
ogy is starting an IV because it's how we give fluids and most of 
our medications. A "good" IV is not just one that flows well; it 
is also one that is placed with a minimum of patient discomfort 
and fastened securely. It should be an appropriate gauge (size), 
with smaller numbers corresponding to larger sizes; tiny IVs for 
preemies start at 24-gauge, and adult IVs usually stop around 
14-gauge. Most adult cases start with a 16- to 20-gauge IV 

In real estate, it is said that the three most important char- 
acteristics of a property are location, location, and location. IVs 
are much the same. Desirable locations include the dorsum of 
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the hand and forearm. These are the two areas where you should 
try to place IVs when possible, for three reasons. First, it's easy 
for you; easy for you means easy for the patient, and placing an 
IV in either of these places does not require patients to hold their 
arms in an unusual position. Second, it's not as painful as other 
locations. While no part of the body feels good when stuck with 
a needle, these locations are not as richly innervated as others; 
it's easier to achieve decent local anesthesia. Last, these are all 
relatively distal locations. If you "blow" the vein — and everyone 
does, at least occasionally — then you can still move more proxi- 
mally and have a working IV, while the reverse is not true. 

Particularly bad locations include the ventral aspect of the 
wrist, where IV placement is awkward and especially painful, 
and the antecubital fossa. The latter deserves special attention 
because it's home to the temptingly large antecubital vein. While 
this is an excellent location for blood draws because it's easy to 
find, leaving an IV catheter in place there prevents the arm from 
bending comfortably. If patients try to bend the arm anyway, 
they may kink or pull out the catheter. IVs located near or across 
joints are also more likely to be "positional," meaning that they 
flow well only when the joint is in a certain position. Avoid these 
locations unless nothing else is available. 

Before starting an IV, we need to get together all the equip- 
ment listed above, and we'll also need an IV set. An IV set is an 
IV bag attached to IV tubing; for fluid, the most common choices 
are normal (0.9%) saline and lactated Ringer's solution. Open 
the packages, remove the little rubber plug at the bottom of the 
IV bag, and insert the sharp end of the IV tubing set into the 
area that the plug had covered; IV fluid should start to flow into 
the tubing. Now kink the tubing with your hand (simply fold it 
over) and squeeze the drip chamber to expel air into the bag and 
let more fluid into the drip chamber; this will prevent air from 
entering the line as the fluid flows. Unkink the tubing and hold 
one end over a sink or trash can until all air has been expelled 
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from the tubing and fluid flows from it. Close the tubing by turn- 
ing the stopcock. It is now ready for you to use. 

Now that we know in theory where to go, let's consider an 
individual patient who needs an IV. Apply the tourniquet as 
shown in Figure 9.1; the steps are as follows, for a right-handed 
operator. (A left-handed operator may reverse the hands shown 
here.) 

1. Place the tourniquet behind the patient's arm, hold the 
ends with the thumb and index finger of each hand, and 
pull the tourniquet so that it stretches a bit. 

2. Bring your hands together in front of the patient's arm. 

3. Use the fourth and fifth fingers of your right hand to take 
the tourniquet from your left hand. 

4. Take the end of the tourniquet from your right thumb 
and index finger with your left thumb and index finger. 

5. Slide your right thumb under the tourniquet, grip the 
free end of the tourniquet between your right thumb and 
index finger, and push your index finger back under the 
tourniquet. 

6. Let go of the tourniquet, which will now hold itself in 
place. 

7. When you have finished with the tourniquet, simply pull 
on the "tail" you created in step 5; the tourniquet will 
release. 

Now that the tourniquet is in place, the veins should become 
engorged with blood and easy to see. Keeping our guidelines for 
positioning in mind, try to find a vein that is relatively straight, 
with no other veins joining it for the length of your IV catheter. 
Put on your gloves, open an alcohol wipe, and clean the area 
thoroughly. If dirt is visible on the wipe afterward, open a sec- 
ond wipe and repeat. Open the catheter package. You are now 
ready to start the IV. 




Tourniquet 



Figure 9.1. Steps in applying a tourniquet. 
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If you plan to give the patient local anesthesia where you're 
going to put the IV catheter, now is the time; hold the skin steady 
with your left hand, then advance the insulin syringe's needle 
just under the skin. Inject a little (0.1-0.2 mL) lidocaine to make 
a skin wheal, then remove the needle and secure it. (Safety sys- 
tems vary widely; ask someone to show you how to secure your 
hospital's needles before you start.) 

Now hold the skin steady by holding your fingers as shown 
in Figure 9.2 — never horizontally, which collapses the veins and 
makes a successful IV very difficult. 

Holding the catheter with your dominant hand, advance 
it through the skin at roughly a 15 -degree angle. You should 
feel a "pop" as it enters the vein, and the flashback chamber in 
the IV should fill with blood. Now gently advance the needle 
another 1-2 mm (not cm!) so that the catheter itself, which does 
not extend quite to the end of the needle, will enter the vein. 





V 



Figure 9.2. Hold the skin vertically, not horizontally, to start an IV. 



Sharp Objects, Part I 



101 



Hold the needle steady and slide the plastic catheter over it, into 
the vein. It should advance smoothly. The catheter is now in the 
vein. 

Once the catheter is in the vein, release the tourniquet. Don't 
forget this step or the next one will be rather bloody. Now hold 
the catheter with the thumb and index finger of your nondom- 
inant hand; occlude the vein with your fourth or fifth finger, 
withdraw the needle with your dominant hand, and connect 
the IV tubing. Open the IV tubing (keep holding the catheter, 
since it's not taped down yet) to test the IV Warning signs of 
an infiltrated IV (i.e., one that is outside the vein) include pain, 
poor or absent flow, and a visible fluid wheal under the skin. 
Conversely, good flow without pain or a fluid wheal indicates a 
good IV. Congratulations! 

We still need to secure the IV. There is a traditional way you 
might be expected to know, but there's an easier way that holds 
the line more securely. The traditional way uses a piece of tape, 
slides it behind the IV sticky-side up, then crosses it over in front 
of the IV as shown in Fig. 9.3; an occlusive dressing is then placed 
over it. 

The problem with that method is twofold. First, it's awk- 
ward, since you're trying to slide the tape under the IV without 
getting the IV caught on the tape. Second, it's not very effective 



"Traditional" tape style 





Tape goes behind IV, 
then across in front 



Figure 9.3. Traditional way of taping an IV. 
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in preventing the IV from being pulled out — which is its main 
purpose. Aligning the tape with the axis in which we want it to 
hold securely is simply common sense, and it's also much easier 
to do. Just take a piece of tape, start above the IV and extend it 
down onto the IV, then wrap it around the IV. We like to take a 
second piece and go across it, just to be safe, and then put on an 
occlusive dressing (Fig. 9.4). 

Suppose you had a good blood flash in the IV and the patient 
does not have pain when you test the IV, but the fluid does not 
flow. First, try "flushing" the IV with saline. To do this, fill a 
syringe with IV solution (you can fill it from the IV line), then 
occlude the IV line between the syringe and the bag and gently 
"push" the contents of the syringe. If the IV is infiltrated, this 
will be painful; stop, hold gentle pressure over the catheter site 
with a folded 4x4 gauze, and remove the catheter. Tape the gauze 
dressing down while holding pressure on it to prevent a hema- 
toma from forming at the site. 

Say you've done this and the flush went through painlessly, 
without forming a wheal, but the IV line still does not flow. The 
next step is to withdraw the IV catheter slightly; a valve inside 
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Figure 9.4. Simpler way of taping an IV. 
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the vein may be occluding the tip of the catheter. If this fails and 
the IV line is open, the catheter itself may have become kinked; 
in this case, you will need to replace it. 



Starting an Arterial Line 

Materials you will need: 

Pressurized bag and tubing set 

Iodine and alcohol wipes or ChloraPrep 

Arterial line kit or 20-gauge IV catheter 

J-wire (optional) 

Alcohol wipes 

4x4 gauze 

Tape 

Suture and suturing kit (optional) 

Sterile gloves 

Two clean, nonsterile OR towels 

Insulin syringe filled with lidocaine (optional) 

Another skill you will need to know is how to start an arterial 
line. As we discussed when we looked at patient monitors, "art 
lines" are useful for cases where close blood pressure monitoring 
is essential and also in avoiding repeated venipunctures when 
multiple lab draws will be necessary. We usually place them in 
the radial artery, although other choices include the femoral, 
ulnar, brachial, or axillary arteries. 

We'll focus on using the radial artery here because it is the 
artery you will typically cannulate when starting an arterial 
line. The first step is to ensure that the tubing, transducer, and 
pressurized bag of saline are ready for use; the anesthesia tech- 
nologists will either prepare these for you or show you how they 
are prepared at your institution. Check that the bag is still fully 
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pressurized (with the pressure gauge in the green zone), then 
confirm that the transducer responds appropriately when you 
expose it to high or low pressure by adjusting the stopcock in 
the line. Finally briefly flush the system (it should have a tab 
that you can pull to flush the line) to ensure there is no air in the 
tubing. 

Now we're ready to start. Feel the pulse in each wrist; aside 
from certain surgeries where one side is off limits, we generally 
use the wrist with the most easily palpated pulse. Now take one 
of your clean towels and spread it under the wrist; take the other 
one, fold it into thirds, and then roll it as shown in Fig. 9.5. 

Place this under the wrist to extend it and make the artery 
easier to cannulate. Secure the hand with tape to hold it in posi- 
tion, as shown in Figure 9.6. 

Check again to ensure that you can still palpate the radial 
pulse easily and make sure the tubing is where you can reach it. 
Use the ChloraPrep or the iodine and alcohol; when performing 
a sterile prep, always work from the inside out, in a spiral motion, 



Tape 




Fold towel in thirds Roll up 

Figure 9.5. Making the "roll" for the arterial line. 
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Figure 9.6. Securing the hand 
for arterial line placement. 



to ensure that your prep doesn't drag dirt into the sterile field. 
Now open the gloves and the catheter (or IV catheter and J-wire) 
in sterile fashion, and don your gloves. 

Take the catheter in your dominant hand. If you are using 
an integrated catheter system, like the Arrow system, rotate the 
catheter so that it moves freely on the needle; move the wire 
back and forth a few times to ensure that it moves freely. Now, 
while palpating the pulse with your nondominant hand, pierce 
the skin at a 30-degree angle directly above where you feel the 
pulse; aim to pass under your palpating fingers. As soon as you 
see blood in the flashback chamber, do the following: 

• If using an integrated system, advance the wire; it should 
pass smoothly and without resistance. Slide the catheter 
over the wire and remove the needle. 

• If using an IV catheter and a J-wire, attempt to thread 
the catheter into the artery. This often does not succeed; 
remove the needle (blood should be spurting from the 
catheter at this point, so work quickly) and thread the 
J-wire through the catheter. Now advance the catheter 
over the J-wire. Remove the wire. 
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A properly placed arterial catheter is threaded completely 
into the artery and, if not connected to anything, spurting blood 
with each beat of the heart. Occlude the artery proximal to the 
end of the catheter with one finger and attach the arterial line 
tubing to it. Ensure that the stopcock is open between the artery 
and the transducer; you should see an arterial waveform like the 
one in Figure 9.7 on the monitor screen. Congratulations! 

Now that the arterial line is in place, you need to secure it. 
This can be done with tape (similar to how an TV is taped) or with 
suture. It is probably advisable to suture it for all patients who 
will not have it removed at the end of their surgeries since tape 
tends to loosen with time, allowing the arterial line to pull out 
at the least opportune moment. When suturing an arterial line, 
always do it as illustrated in Figure 9.8. 

Note that a loop of suture parallel to the catheter runs under 
the surface of the skin and is then tied off before being looped 
around the catheter. Doing it this way, instead of circling both 
catheter and tissue in the same loop of suture, greatly reduces 
the risk of piercing the radial artery (or trapping it entirely and 
ligating it) with the suture. 

Whether you secure the line with tape or suture, you should 
put a Tegaderm, OpSite, or similar occlusive dressing over the 



Systolic BP 




Diastolic BP 
Figure 9.7. Appropriate arterial line waveform. 
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never this axis! 



Suture goes through 

wrist parallel to this 

axis 

Figure 9.8. Appropriate way to suture an arterial line. The loop of 
suture should always pass through the wrist parallel to the arterial 
line (as shown on the left) instead of perpendicular to it. 



catheter and the first part of the tubing to protect the area where 
it enters the skin. Now remove the tape that had held the hand 
down and take out the rolled towel you'd used to support the 
wrist. 

Below are some problems often encountered when placing 
arterial lines, and their solutions: 



"I can't find the pulse." Some patients, especially those 
with vasculitis, have very poor peripheral pulses. Once 
in a while, a radial arterial line is simply not possible; 
when this is the case, a femoral arterial line can usually 
be placed. The technique is similar to what we have seen 



108 ANESTHESIA CRASH COURSE 

here, although the cannula is longer and the sterile prep 
should be especially scrupulous. 

• "I have a good pulse, but I can't get flashback." There are 
two common problems here. The first possibility is that 
you're going above, below, or just next to the artery. If no 
hematoma forms, this is probably what is happening; go 
back and feel the pulse as precisely as possible (sometimes 
it helps to feel it with your fingertips), then try again. The 
other possibility is that the catheter is occluded with a bit 
of skin or clot — the Achilles' heel of the integrated cath- 
eter kits. If you see a hematoma forming but did not get 
any blood in the flashback chamber, this is most likely 
the cause. Hold pressure on the hematoma to prevent it 
from expanding; while doing so, you can try to clear the 
clot by moving the J-wire back and forth in the cathe- 
ter. Unfortunately, this is often not successful and is best 
addressed by starting fresh, with a new catheter. 

• "I have good flashback, but I can't thread the wire." This 
can mean either that the catheter tip is against the "far" 
wall of the artery, or that the needle has not completely 
entered the artery. The latter is more likely, so we advance 
the needle very slightly (like 1 mm) and try again to thread 
the wire. If this fails, withdraw the needle slightly and 
try again. Always move the needle and catheter together; 
don't readvance the needle through the catheter lest you 
shear its tip off into the circulation. 

• "I held pressure for a minute after an arterial line attempt, 
but the patient still has a hematoma on his wrist." 
Remember that this is an artery, not a vein, and that you 
will need to hold pressure longer than you would after a 
failed IV. If possible, hold pressure at the puncture site for 
5 minutes, then apply a pressure dressing. This is a folded 
4x4 firmly taped to the site — but never taped all the way 
around the wrist, lest it act as a tourniquet. 
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Starting a Central Line 

Materials you will need: 

• Central line kit 

• Sterile gown 

• Sterile gloves 

• Pressurized bag and tubing set, if measuring central venous 
pressure (CVP) 

Central lines are a daunting procedure at first; instead of 
using a small needle on the hand or the wrist, we are using a 
larger needle on the neck or trunk. However, each step makes 
sense, and knowing why we do each one will make the sequence 
easy to remember. 

First, where will we put the central line? There are three 
typical locations for one: the internal jugular vein, the subcla- 
vian vein, and the femoral vein. Each has advantages and disad- 
vantages, so the specific application will determine which one to 
use for a given case. A femoral line, being the quickest to start, is 
the line to start on an ER or ICU patient who needs a line imme- 
diately. A subclavian line, which has the lowest risk of infection 
and is the most comfortable for the patient, is the best bet for a 
patient who will have to keep the catheter for days or (in the 
case of tunneled catheters placed surgically) weeks or months. 
For a surgery where we have time to start a line but won't need 
the line to remain indefinitely, the internal jugular (IJ) is an 
excellent compromise. Its location is also easy for us to reach and 
out of the surgeon's way. There are very few contraindications; 
the most common are anticoagulation (since you're close to the 
carotid artery) and infection at the site where you're planning to 
put the needle. Let's look more closely at how to start an IJ line. 

As with the arterial line, start by ensuring proper place- 
ment; in this case, lower the head of the operating table (this 
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is called the Trendelenburg position, or simply "Trend"). This 
position engorges the jugular veins with blood, making it easier 
to cannulate them. It also substantially lowers the risk of an air 
embolism because the pressure gradient across a catheter in the 
vein now favors bleeding instead of sucking air into the vein — as 
is the case when the CVP is negative. 

Now expose the side you plan to cannulate by turning the 
head as far away from that side as can easily be done. We prefer 
the right, since the thoracic duct is in the left chest and could be 
injured by a wayward needle; to cannulate the right side, start by 
turning the head as far to the left as gentle pressure allows. Next, 
with your cap and mask on, open the outer package of the cen- 
tral line kit. Remove the sterile tray from the outer package, and 
remove the sterile prep (most likely either iodine or ChloraPrep) 
tucked into it. Open it and prep widely the area where you will 
be working. Remember, always prep from inside to outside in a 
spiral fashion. 

Now open the inner tray's wrapper, in sterile fashion, to 
expose its contents. Open your sterile gown and gloves at this 
time and don them. Remove the backing from the adhesive on 
the sterile drape and apply it to the patient's neck. Now prepare 
your needles. You will be using two syringes for this procedure — 
three (counting the lidocaine syringe) if you are performing it 
on an awake patient. The first one, called the finder needle, is a 
3 mL or 5 mL syringe with a very fine-gauge needle; you may 
need to assemble it from the pieces in your kit. The second one 
has a longer, wider needle with an IV catheter on the end; this 
catheter is used for passing the guidewire. Some kits also have a 
special syringe that you can pass the guidewire through with- 
out removing it from the needle or placing a catheter; for the 
purposes of your introduction, we will assume you are using the 
traditional Seldinger technique with the IV catheter. 

With the needle prepared, there is one more preparation you 
will need to do. For a multiple-lumen line, close off all lumens 
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except the brown one with the supplied clamps; the guidewire 
will exit the line through the brown lumen. For an introducer, 
clamp the side lumen and place the dilator through the body 
of the introducer itself. The dilator will serve to stiffen the 
introducer, allowing it to be placed. 

Landmarks for this procedure are simple. With the patient's 
neck turned to the left, draw a mental line between the angle 
of the mandible and the ipsilateral nipple. Now draw a second 
imaginary line directly across the neck at the level of the cri- 
coid cartilage. The two lines generally intersect directly over the 
internal jugular vein; start here with your finder needle, with 
the needle at about a 60-degree angle to the skin and pointed 
toward the ipsilateral nipple. Once you are through the skin, 
pull back continually on the syringe's plunger to hold a suction 
inside the syringe; this will ensure that you get prompt flashback 
as soon as you enter the vein. If your first attempt does not enter 
any structure, "fan out" slowly in the lateral direction; if this 
fails, you may need to go slightly more medial — always keeping 
in mind that you are near the carotid artery. If you should enter 
the carotid artery with your finder needle, it's not an emergency 
(that's why we use such a small needle!), but you will still need 
to hold pressure for a few minutes. 

Once you have venous blood in the finder needle, take the 
syringe with the larger needle and aim for the same spot with it. 
Once you have entered the vein, slide the catheter over the nee- 
dle and remove the finder needle. When you remove the needle 
from the catheter, immediately cover the catheter's lumen with 
your thumb to prevent air embolism. There is one more step we 
need to do here for patient safety, and that is to confirm that we 
are in the IJ instead of the carotid artery. We do this by attaching 
a length of clear tubing (usually 18 inches) to the end of the cath- 
eter and holding it so that it extends downward, allowing blood 
to fill part of its length. Now hold the tubing upward. Blood flow- 
ing back down toward the patient indicates venous placement; 
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blood continuing to rise upward in the tubing would indicate 
arterial pressure and a catheter in the carotid artery. 

Assuming that the previous step confirmed venous place- 
ment, you may remove the tubing from the catheter and cover 
the end once more with your thumb. Now take the guidewire 
in your dominant hand, withdraw it slightly into its holder such 
that the "J" at the end is now straight, and advance it into the 
catheter. Again, keep the catheter covered until you are about to 
enter it with the guidewire. 

Advance the guidewire into the catheter while watching 
the ECG for premature ventricular contractions (PVCs), which 
would indicate that the guidewire's tip is tickling the right heart 
and needs to be withdrawn. Remove the guidewire's holder 
while holding the guidewire at all times. (This is crucial. If you lose 
the guidewire and it enters the circulation, retrieving it becomes 
a job for either interventional radiology or a cardiovascular sur- 
geon — eek!) Slide the catheter out, over the guidewire. At this 
point you should have the guidewire in the IJ and nothing else 
in the patient's neck. Now take the first dilator and slide it over 
the guidewire; when you are close to the skin with it, take the 
scalpel in your hand. With the blunt side against the guidewire, 
make a small nick (it doesn't have to be deep!) in the skin and 
advance the dilator over the guidewire. Withdraw the dilator. If 
there is a larger dilator in the kit, slide it briefly over the guide- 
wire using the same technique; you should not have to make a 
second nick in the skin. It is normal to have a small amount of 
bleeding from the neck at this time, which you can easily address 
by holding one gloved finger over the puncture site. 

At this point, you are ready to place the central line itself. 
While continuing to hold the guidewire, feed it through the dis- 
tal end of the central line (i.e., the end that goes into the neck); 
as soon as it comes out the proximal end, hold it there and start 
advancing the catheter over it. It should pass easily. The motion 
should be one of sliding the catheter over the guidewire, rather 



Sharp Objects, Part I 



113 



than one of advancing catheter and guidewire together. Once 
the catheter is in place, you should remove the guidewire and 
occlude the brown lumen of the central line. (If you are placing 
an introducer, an internal valve takes care of that last step for 
you.) Congratulations! Your central line is now in place. 

There are a few more jobs to do once the central line is in 
place. First, you will need to suture the line in place. To do this, 
use the anchor supplied in the kit. These are often a two-part 
design, with a flexible part that slips around the catheter and 
then a rigid part that holds the flexible part in place, as shown 
in Figure 9.9. 

The anchor has a hole on each side for suturing; use these 
holes to secure the anchor (and the catheter) to the neck. Don't 
secure it too tightly, since you don't want the area held by the 
suture to become ischemic; it's OK for it to have a few millime- 
ters of play. 

Once the catheter is secured, you still have to prepare its 
lumens before you're ready to go. Currently, each lumen is 
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Figure 9.9. Appropriate way to secure a central line. 



114 ANESTHESIA CRASH COURSE 

occluded and filled with a mixture of air and blood. To fix this, 
take a 10 mL syringe and fill it with about 5 mL of saline. Attach 
it to a lumen, open the lumen, and pull back on the plunger 
of the syringe. You will first get air, and then blood. Holding 
the syringe upright so that the air stays away from the catheter, 
push down on the plunger so that the catheter is now filled with 
saline. Occlude the lumen again and remove the syringe full of 
air. You may now do one of the following with the lumen: 

• Attach an IV set for fluid and/or blood administration. 

• Attach a CVP line to transduce the CVP. 

• Attach a sterile cover to preserve the lumen for later use. 

If you've attached an IV set or CVP, don't forget to open the 
lumen afterward. You should now cover the catheter with a 
Tegaderm, OpSite, or equivalent occlusive dressing. Your central 
line is now ready for use. 

It bears saying one last time: this introduction serves only 
to smooth the learning curve as an anesthesiologist walks you 
through these procedures. There is no substitute for experience, 
and unfortunately the only way to get experience is by working 
through those first few tries. Don't get discouraged — you'll be 
amazed by how easy these procedures seem after you've had a 
little practice! 
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Epidurals and Spinals 



I 



n the previous chapter, we explored three methods for gain- 
ing vascular access. We're now going to look at two useful 
procedures for regional anesthesia: epidurals and spinals. 



Epidural Placement 

Although epidural catheters are best known for their role in 
labor analgesia, these versatile tools can also provide surgical 
anesthesia and postoperative pain relief. They are applicable to 
a wide variety of patients, with the only common contraindica- 
tions being infection (either systemic, in the form of sepsis, or 
at the intended puncture site) and coagulopathy (as can occur 
with preeclampsia). While their placement is tactile and learned 
mainly by doing, a quick overview will substantially ease the 
learning curve. 

Materials you will need: 

• Epidural kit 

• Sterile gloves 

• Occlusive dressing (Tegaderm, OpSite, or similar) 

• Wide tape 

• Epidural infusion pump and medication 

One key aspect of epidural placement is proper patient posi- 
tioning. Just as time spent "landmarking" before placing an 
arterial line or central line is time well spent, time spent getting 
your patient in the right position for an epidural will save at least 
as much time (and frustration) later on. Don't rush! 

The proper position for epidural placement opens the inter- 
spaces between the vertebrae as much as possible for the poste- 
rior approach. To do this, have the patient sit on the edge of the 
bed ("Indian-style," with the legs folded underneath, is ideal), 
then slouch forward — we tell patients to "arch your back like 
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an angry cat." Make sure the patient is not leaning or turning to 
one side; this distorts the anatomy and makes it much harder to 
position the needle properly. 

Once this is done, it's time to get an idea of where you'll be 
going. Use the L 3 -L 4 or L 4 -L 5 interspaces to give yourself a good 
margin of safety, since the cauda equina ("horse's tail" at the bot- 
tom of the spinal cord) generally terminates within one inter- 
space of L,-L 2 . To locate the L 4 -L 5 interspace, palpate the iliac 
crests; it lies directly between them. For L 3 -L 4 , simply go up one 
interspace. Palpate the bony prominences in the midline above 
and below — those are the spinous processes. You'll go in about 
halfway between them. Don't mark the target area with ink; it's 
unsterile. Instead, use a ballpoint pen with the tip retracted; simply 
press gently on the target area with it, and the little circle will 
remain visible for a minute or two. 

Now open the kit's outer wrapper and don your sterile 
gloves. Remove the kit's inner tray from the outer shell, which 
makes a handy trash receptacle during the procedure. Tucked 
inside the kit's outer wrapper you'll see either iodine swab sticks 
or ChloraPrep. Prep the patient — again, always go from inside to 
outside. Apply the sterile drape by removing the backing from its 
adhesive (if applicable) and placing it on the back such that the 
area where you will be working is centered in its opening. 

Since you will do almost all of your epidurals on awake 
patients, good local anesthesia at the needle site is key to patient 
satisfaction. You want the plain lidocaine for this — the lido- 
caine with epinephrine supplied in the kit will be used a little 
later. Draw it up, make sure the smallest possible needle is on the 
syringe, and inject it liberally; once through the skin, fan out 
with the needle to anesthetize more of the subcutaneous tissue. 
This is a good time to remind the patient not to move while you 
are placing the epidural. 

Now it's time to prepare your epidural syringe. The epidural 
syringe is a special glass (or plastic) syringe designed to move 
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very freely so that you will be able to feel when you enter the 
epidural space. Plastic epidural syringes are ready to use as soon 
as they are opened, but glass syringes require a bit of prepara- 
tion. Open the sterile saline in the epidural kit, draw it into the 
syringe, then hold your thumb over the end of the syringe while 
pressing down on the syringe plunger. This forces the saline 
out between the syringe wall and the plunger, lubricating it. 
Alternately, you can draw the saline up into the syringe, pull 
the plunger out completely, and let the stream of saline from 
the syringe's metal tip flow over the plunger. Now reinsert the 
plunger into the body of the syringe; it should be well lubricated 
and move freely. Either way, fill the syringe with saline and a bit 
of air. It is now ready for use. 

Now ensure that the stylet moves freely within the epidural 
needle. Position the needle so that it is at the skin surface, angled 
toward the patient's head, with the bevel facing the same direc- 
tion. Now pierce the skin with the needle and advance it. You 
may come into contact with a vertebra, in which case you will 
need to redirect (up or down) so that you are between the verte- 
brae — sometimes a very narrow space. As soon as you encoun- 
ter resistance, indicating that you have reached the interspinous 
ligament, attach the syringe to the needle. Tap the plunger. You 
should feel resistance and the air bubble in the syringe should 
compress slightly. Now brace the back of your nondominant hand 
against the patient's back; use your thumb and index finger to 
advance the needle, millimeter by millimeter, while continuing 
to tap the plunger with your dominant hand. Your first epidural 
will not happen quickly, but that's better than a "wet tap" (dural 
puncture) and the very high risk of patient headache that goes 
with it. As time progresses, you will become much more effi- 
cient. You will learn to feel how the sensation of advancing the 
needle changes as you pass through the interspinous ligament 
into the ligamentum flavum, just outside the epidural space — it 
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has been described as a "crunchy" sensation — but for now, sim- 
ply take your time and make mental notes as you advance. 

You've been advancing the needle and tapping the plunger 
for a little while now, when you advance a bit more and — you feel 
a loss of resistance and the saline injects freely. Congratulations! 
You have just reached the epidural space. Remind the patient 
not to move, carefully remove the syringe from the needle, and 
thread the catheter through the needle. You may encounter a 
little resistance as the catheter passes the end of the needle, and 
the patient may feel a momentary paresthesia (odd feeling) in 
one leg. Both should pass quickly. 

Advance the catheter; there's a thick stripe on the catheter 
for every 5 cm, so four stripes together mean that you're 20 cm 
from the end of the catheter. You should advance the catheter 
until you're at least 5 cm beyond the end of your needle — a dis- 
tance you can calculate by knowing how long a needle you are 
using and how much remains outside the patient (one stripe per 
cm). Distance is marked on the catheter with a simple system: 
there is a thick line for every 5 cm of length, with thinner lines 
every 1 cm. If you lose track of this, don't fret; simply advance 
the catheter a little farther than you think is necessary because 
you can always withdraw it later. Now slowly remove the needle 
while pushing the catheter in. You're essentially trying to slide 
the needle out over the catheter, as opposed to pulling the needle 
and catheter together. 

At this point, you have removed the needle and the bare 
catheter is protruding from the patient's back. Attach its end (the 
exact way of attaching it varies by manufacturer), fill the glass 
syringe with the test dose used at your institution, attach it to 
the catheter, and attempt to withdraw the plunger. That last step is 
crucial. It is rarely possible for the catheter to go into the subdural 
space and act as a spinal catheter instead of an epidural cathe- 
ter — in which case you should be able to aspirate cerebrospinal 
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fluid (CSF) with the test dose syringe. If this happens, the effec- 
tive dose will be much smaller; a full epidural dose would likely 
cause a "total spinal," which is a spinal that goes so high that 
it causes apnea and severe hypotension. An epidural catheter 
can also rarely pass into a vein, resulting in all "epidural" drugs 
instead going directly into the circulation. In this case, bolus 
doses would rapidly raise the blood concentration of local anes- 
thetic to a dangerous level. 

Assuming that you cannot withdraw the plunger, inject the 
test dose one mL at a time. Ask the patient to tell you imme- 
diately if she feels a racing heartbeat, ringing in her ears, or a 
metallic taste in her mouth, any of which would signal that the 
catheter is feeding into a vein — the tachycardia being from the 
epinephrine and the other symptoms from the local anesthetic. 

After giving the test dose, allow a little time for it to work; 
during this time, apply the sterile dressing and tape the catheter 
along the back, up to the shoulder. You should try to apply the 
dressing such that a little loop of catheter sits outside the back 
so that an accidental tug on the catheter (i.e., the patient sitting 
up in bed) does not dislodge the epidural. Now the hard work is 
done — all that's left is to hook up whatever infusion you're plan- 
ning to use and monitor the vital signs while you chart. 

What changes might we expect in the vital signs? Keeping 
in mind that an epidural produces a "sympathectomy" in the 
anesthetized area — meaning that it removes that area's ability 
to vasoconstrict as directed by the sympathetic nervous sys- 
tem — we can expect the patient's legs to become vasodilated. 
Since this reduces systemic vascular resistance, the blood pres- 
sure falls. Hypotension is therefore the number one side effect of 
epidural placement; nausea after an epidural is often related to 
it, and both typically respond to a fluid bolus and a small dose of 
ephedrine. 

There's one last thing we need to be able to do with an epidu- 
ral: test it. Keeping in mind that a patient with a labor epidural 
should be able to feel pressure (but not sharp pain) in the area of 
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analgesia, we use a small needle to test. No, not by sticking the 
patient with it! Tell the patient she will feel something sharp, 
then gently scratch the needle against the skin of one shoulder. 
Now gently scratch it against the skin over the hip and ask her 
if it feels the same way. It should not; ask her to tell you when it 
does, then move toward the head an inch or two at a time with 
the needle. Record the level of analgesia on each side to confirm 
that the epidural covers both sides. 

Don't get discouraged if you have to ask for help with your first 
few epidurals. An epidural is much more technically demanding 
than a typical IV placement or intubation; unless you are placing 
one under fluoroscopy, it is a completely blind procedure based 
only on landmarks, tactile sensation, experience, and intuition. 
It is normal to have difficulty with your first epidurals, no mat- 
ter how much anatomy you have memorized; it will get easier as 
you learn what each stage of placement feels like. Below are a few 
of the most common problems and their solutions. 

• "I keep advancing, but I never feel loss of resistance." Are 
you sure that you are centered? Ask the patient if she feels 
the needle in the "right, left, or center." Her answer will 
almost always be correct. Keep in mind that you may have 
to use most of the needle's length in obese patients; extra- 
long needles are available for extreme cases. 

• "The loss of resistance takes me by surprise. I don't feel any 
change in sensation before I reach it." This may mean that 
you're advancing too quickly, crossing the entire spinous 
ligament in one motion. Slow down! If you're becoming 
accustomed to the feel, however, don't fret if you don't feel 
it on a particular patient. The "character" of the ligament 
varies greatly from patient to patient, and some are much 
easier to feel as the needle passes through than others. 

• "I had good loss of resistance, but I can't thread the cath- 
eter." The first thing to try when you encounter this is to 
inject a few ml of sterile saline through the needle; this 
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should pass easily, dilating the epidural space and making 
it easier for the catheter to pass. If this does not help, you 
may have to rotate the needle slightly. If the catheter still 
does not pass, you may not truly be in the epidural space. 
Withdraw the needle partially, ensure you are centered, 
and try again. 

• "Every part of the procedure went well, but the patient is 
reporting that only part of her pain is relieved." This has a 
few different possible causes. 

a. If the pain is improved somewhat and no area is bet- 
ter than another area, the dose may be insufficient for 
the patient. The patient may also be expecting to be 
completely numb, which is not the case with an appro- 
priately dosed labor epidural. Patient education (i.e., 
"We want you to be able to feel pressure, so that you can 
push with contractions later on") can help to address 
this. 

b. If the patient is reclining on one side and the pain is 
improved only on the "down" side, she may need to 
switch sides; gravity can send the local anesthetic dis- 
proportionately to one side. 

c. If pain relief is single-sided and does not seem to be 
influenced by gravity, the epidural catheter may be 
extending along a nerve root. This can be sometimes be 
remedied by withdrawing the catheter one or two cm. 

d. Last, if certain areas are "spared" from the epidural's 
effects, it may be a "patchy" epidural with local anesthe- 
sia failing to reach one or more nerve roots. Increasing 
the dose or withdrawing the catheter slightly can 
sometimes help, but the patient may end up having to 
choose between partial relief and trying again with a 
new catheter. 

• "I went too deep and CSF comes from the needle when I 
remove the stylet." This is a "wet tap," indicating that the 
needle has gone too deep and punctured the dura. Wet 
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taps deserve their own section here because they happen 
occasionally to everyone; being able to manage them is 
important. 

The main concern with a wet tap is a spinal headache — 
technically a post-dural-puncture headache, or PDPH. This is 
a severe headache caused by lack of CSF, which in turn comes 
from CSF leaking at the site of a dural puncture. Apart from the 
dural puncture itself, predisposing factors include younger age, 
female gender, larger needle, and sharp (as opposed to a more 
blunt "pencil point") needle. We'll address needle sharpness in 
the section on spinals; for the other factors, suffice it to say that a 
young woman who has a dural puncture with a large needle (like 
the needle used for a lumbar puncture. . . or an epidural!) is very 
likely to have PDPH. The pain is classically positional, relieved at 
least partially by reclining but becoming severe with sitting or 
standing. It is often associated with dizziness and nausea. 

What are your options if you have a wet tap? Years ago, the 
most common practice was simply to withdraw the needle and 
try again at a different interspace. The problem with this is two- 
fold. First, another wet tap is possible, especially if no change in 
technique is made. Second, the existing hole in the dura may 
well leak enough CSF to lead to a PDPH. Research now suggests 
that you should pass the catheter through the needle into the 
subdural space. The catheter can be dosed with small amounts of 
local anesthetic for analgesia, and for reasons as yet unclear, the 
catheter's temporary (24 hours) presence in the dural hole has 
been shown to make PDPH much less likely. 

Suppose the patient does get a PDPH; how do we treat it? 
Conservative therapies exist and are moderately effective, 
so these are our first-line treatments. These all focus on pain 
relief and helping the body to produce more CSF; patients are 
given oral pain medications, fluids, and caffeine. If these fail, 
we can do what is termed an epidural blood patch (EBP). EBP 
is an extremely effective intervention, with a greater than 90% 
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success rate on the first try. In an EBP, an epidural needle is placed 
as described above; instead of threading a catheter through it, 
we inject 10-20 mL of blood withdrawn from a peripheral vein 
under sterile conditions. This blood coagulates, and the clot seals 
off the hole in the dura; it serves essentially the same purpose 
as a can of Fix-a-Flat. Complications are rare but can include a 
second wet tap, infection (sterile technique needs to be strict), or 
failure to relieve the headache. 



Spinal Placement 

Materials you will need: 

• Spinal kit 

• Sterile gloves 

The epidural is an excellent tool for labor analgesia, but sup- 
pose we want surgical anesthesia for the abdomen and pelvis? 
While a liberally dosed epidural catheter can often provide this, 
a much more elegant (and reliable) approach is to put a very 
small amount of local anesthetic directly into the CSF near that 
part of the spinal cord. We call this a spinal anesthetic, and it's 
actually simpler to perform than an epidural. Why? Because 
avoiding a wet tap is one of the main tasks in an epidural — and 
with a spinal, a wet tap is the goal. 

The landmarks for a spinal are the same as those for an epi- 
dural, and the sterile prep and local anesthesia at the puncture 
site will all be familiar from the discussion above. The only 
differences are the technique used with the needle itself, the 
solution that is injected, and the single-shot nature of the spi- 
nal (as opposed to the continuous infusion through an epidural 
catheter). 
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You should prepare the local anesthetic for the spinal so that 
it's ready before you place your needle. This will typically be 
preservative-free lidocaine or bupivacaine. Especially if you are 
using lidocaine, adding a trace of epinephrine (called an "epi 
wash") can make your spinal last longer. To do this, draw up 
epinephrine in the syringe and squirt it out prior to drawing 
up the local anesthetic; a tiny bit of epinephrine will remain 
in the syringe. All drugs for spinal administration are drawn 
up through a special filter needle lest any tiny bits of glass from 
the vials be injected into the subarachnoid space and cause 
irritation. 

The patient is now prepped and draped, with local anesthe- 
sia given liberally at the site where the needle will be placed. 
It's now time to place the spinal needle, which brings up one of 
the main differences between spinal and epidural anesthesia. 
Since we know that dural leaks predispose to spinal headache, 
we puncture the dura with the smallest needle possible — which 
ranges from a 25-gauge all the way to a hairlike 29-gauge. (By 
comparison, the Tuohy needle commonly used for epidurals can 
be as large as 17-gauge). We also often use a less sharp "pen- 
cil point" needle to push dural fibers aside instead of slicing 
through them. Since the needle is thin and comparatively blunt, 
it is difficult to pass it through the skin and subcutaneous tissue; 
we therefore use a slightly larger needle as an introducer. Place 
the introducer needle through the skin and subcutaneous tis- 
sue, aiming for a plane between the vertebrae; you don't need 
to advance it all the way to the hub if the patient is thin. Now 
place the spinal needle through it and advance it while staying 
centered in the midline. At some point you will feel a "pop" as 
resistance is lost. Remove the stylet from the needle; CSF should 
start to drip from the needle after a few seconds. While hold- 
ing the needle steady with one hand, attach the syringe of local 
anesthetic to it with the other. Pull back gently on the plunger; 
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you should see a "plume" of CSF mix with the local anesthetic. 
This step confirms that you have indeed reached the subarach- 
noid space with your spinal needle. Now inject the local anes- 
thetic, pull back on the plunger once more to confirm with CSF 
that your injection went where you wanted it, and readminister 
the contents of the syringe. The patient's legs will rapidly start to 
feel warm and heavy, then numb. Numbness will start to ascend 
through the dermatomes of the abdomen; test its level as you 
would with an epidural. As it approaches T 4 (nipple level), place 
the bed in reverse Trendelenburg position so that gravity will 
prevent the anesthesia from progressing further cephalad. The 
surgeons can now prep the patient and start to operate. Of note, 
when you give your report to the PACU nurse at the end of the 
case, be sure to mention what drugs were given intrathecally 
and how high a level of anesthesia you found when you tested 
the spinal. 

Epidurals and spinals are only the beginning of regional 
anesthesia. As you progress, you will add many other regional 
"blocks" to your repertoire and find them a useful answer to 
many clinical questions. The techniques and technology become 
more refined on what seems like a weekly basis — stay tuned! 
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Less Filling, 
Tastes Great 

A Few Anesthesia 
Controversies 



Many issues in anesthesia have no clear-cut answer. 
While we all want the same things — greater patient 
safety, more efficient ORs, cost savings — there are 
differing points of view about how to achieve those goals. Here 
are the competing points of view on a selection of modern anes- 
thetic questions, to help you get up to speed on what we're trying 
to settle. 



Should MD anesthesiologists be happy about the 

increasing presence and influence of certified 

registered nurse anesthetists? 

• Pro: Certified registered nurse anesthetists (CRNAs) are 
a valuable complement to MD anesthesiologists. Nurse 
anesthesia training programs are intense, and the CRNAs 
they graduate are able to carry out the tasks they've been 
taught competently. Even if changes in state or federal leg- 
islation make MD supervision optional, such an arrange- 
ment will still be attractive to hospitals and even to many 
CRNAs — perhaps a majority. Furthermore, there is a trend 
towards CRNA training becoming a doctoral program, 
further blurring the line between CRNAs and MD anes- 
thesiologists. In the end, there will be two ways to become 
a highly trained and capable provider of anesthesia. 

• Con: While CRNAs' technical and patient care skills are 
well-known, there is still a difference between their train- 
ing and the training that MD anesthesiologists undergo. 
This is unavoidable even with the best CRNA training pro- 
grams because they can't duplicate the depth and breadth 
of the eight-year training MD anesthesiologists undergo 
(four years of medical school, a year of internship, and 
three years of residency). With the team approach 
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currently in place, this limitation has been largely moot; 
however, there is now a legislative effort to make MD 
supervision optional. There's a difference between vigi- 
lance, a key anesthesia skill that characterizes good nurses 
even without CRNA training, and the unsupervised prac- 
tice of medicine — which many MD anesthesiologists argue 
would be the result of removing supervision. 



Should we use the laryngeal mask airway (LM A) 

for more procedures (i.e., certain abdominal 

procedures), like the Europeans do? 

• Pro: Yes, we should. Simply because certain patients are 
not good candidates for the LM A does not mean we should 
reject it for an entire population when it has been proven 
to work for particular procedures. The advantages of the 
LMA in certain scenarios are well documented by now. 
If we are concerned about litigation, we can set a conserva- 
tive cutoff for who's "too heavy" for an LMA — just as we do 
for other surgeries. We can calculate the body-mass index 
for each patient and use the LMA only for these additional 
procedures on patients who aren't clinically obese. That's 
essentially the same group studied in Europe. 

• Con: No, we should not. This is a classic example of results 
being applicable only to the population studied. European 
patients are significantly less likely to be obese, on aver- 
age, than American patients. Obese patients, in turn, are 
more prone to increased intra-abdominal pressure — one 
of the leading risk factors for aspiration, which can be pre- 
vented by choosing an endotracheal tube over an LMA. 
This means that contrary to what we tend to believe, there 
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are valid reasons for avoiding the LMA in an American 
patient population; it is not merely "defensive medicine" 
prompted by trial lawyers. But along those lines, where do 
we draw the line as to who is "too heavy" for an LMA and 
what risk is acceptable? The safest plan is to continue our 
current practice of endotracheal intubation for abdominal 
procedures. 



What is the ideal airway device? 

This isn't quite a one-or-the-other question, but it comes up 
with sufficient frequency that it deserves mention. Airway 
management, like the quest for endless youth, has engendered 
an unbelievable amount of creativity and entrepreneurship. 
Unfortunately, both fields are also given to considerable hype. 
With that said, a few points on the airway: 

First, there is no best airway device. Not the Macintosh #3 
blade, not the video laryngoscope, not the intubating LMA. 
There is only a best device for a given situation, in the hands of 
a given anesthesiologist. If I had a limitless array of tools and 
an unexpected difficult airway, I wouldn't think twice: I would 
use a videoscope because in my own hands it is the most reliable 
way to handle a difficult airway. (The videoscope is discussed 
in the airway chapter). Should a colleague who's never encoun- 
tered a videoscope but managed hundreds of airways with the 
comparatively primitive light wand (lighted stylet) abandon his 
trusted tool for the new school? Not without practicing on easy 
airways first! 

Second, regarding what makes a good airway device. The 
more "all-purpose" a device is, the more likely it is to prove itself 
useful when you need it most. What does all-purpose mean in 
this context? All-purpose means that a device can be used in 
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multiple different ways. An LMA, for example, can serve as a 
rescue device, or can pass a fiberoptic scope, or in a pinch, can 
pass an endotracheal tube. (Tip: To pass an endotracheal tube 
through an LMA, especially an LMA that wasn't designed to be 
an intubating LMA, pass the tube upside down. No, not cuff-end 
last! Upside down, rather, in the sense that you rotate the tube 
180 degrees from how you'd hold it normally to intubate. The 
tip faces the toes instead of the ceiling this way, and in passing 
through an LMA, the tube's natural curvature will now help it 
to enter the trachea easily. Once it's there, you can rotate it 180 
degrees and secure it.) 

Third, become proficient with as many devices as possible, 
even the ones you don't like. Whenever you get a chance to hone 
your airway skills, don't pass it up! Even if you check every air- 
way device in your room every day, someday you'll have to assist 
a coworker — the one who keeps different equipment handy or 
works in the room whose location tempts everyone to "borrow" 
its equipment. Someday you will request the fiberoptic scope 
and the tech will not have one to give you. What is your backup 
plan? This is a good mental game to play during "down time" on 
a long case: invent an emergency in your mind, then think of 
how you'd manage it. 

With that said, you can't learn any of these techniques with- 
out doing them, and you can't do them all at once; what's the 
best order in which to learn them? This is what I suggest. First, 
become proficient with the laryngoscope. Most learners start 
with the Macintosh blade, but the Miller blade is also a worthy 
tool. You will occasionally have cases where muscle relaxants 
aren't required, and these are an excellent chance to get used to 
the feel of an LMA — which is also your first rescue tool. 

Our first rule, of course, is to do no harm; this means that 
your airway learning should occur with patients who are not 
likely to be harmed should your intubation attempts with a 
new device prove unfruitful. When a healthy young adult with 
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a Mallampati class I airway presents for elective surgery, that's 
your chance! It's also easiest to become skilled with complicated 
tools like the fiberoptic bronchoscope when you know what the 
airway "should" look like. Become good with it — not just reli- 
able, but efficient — before using it on a difficult airway. 

Barring the occasional airway invention that isn't ready for 
prime time, you should try to be competent with each airway 
device you encounter. At a minimum, you should aim to become 
proficient with the Macintosh and Miller laryngoscope blades, 
the LM A, the intubating LM A, and the fiberoptic bronchoscope. 
If your institution owns a videolaryngoscope, make sure you 
familiarize yourself with that as well. 



How much fluid should I give patients? 

Here's one that comes up, at least subconsciously, on every case. 
Simply living uses water, of course; our metabolism requires 
water, and we also lose water to evaporation — especially in our 
respiratory passages. Patients also enter the OR at a disadvantage 
since they are typically instructed not to eat or drink for sev- 
eral hours before surgery. The traditional calculation takes into 
account both how dehydrated we expect the patient to be and 
how large we expect metabolic and surgical fluid losses to be. 

First, we calculate the amount of water the patient's metabo- 
lism uses in an average hour. The formula (go ahead and memo- 
rize this one) is 4 mL/kg for the first 10 kg of weight, 2 mL/kg for 
the second 10 kg, and 1 mL/kg afterward. For adult patients, this 
means 60 mL (for the first 20 kg of weight) and 10 mL for every 
10 kg beyond that. Multiply this by the number of hours the 
patient has been NPO to establish the fluid deficit; half of this is 
given over the first hour of surgery and one-quarter over each of 
the next two hours. If the patient has been NPO for over 8 hours, 
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we use 8 hours' worth of fluid deficit for our calculations since 
the patient's kidneys start to conserve water. 

Next, we add the typical hour's water requirement for each 
hour. 

Next, we compensate for intraoperative blood loss. This is 
not an exact science; use a reasonable guess based on the quan- 
tity of blood in the surgeon's suction canisters. (Don't forget to 
subtract the irrigation — ask the scrub nurse for an estimate). 
We give 3 mL of crystalloid, or 1 mL of colloid, for each cc of 
blood the surgeon loses. 

Finally, we allow for insensible ("third space") losses. This 
accounts mainly for evaporation from the wound. For a minor 
case, it may be as low as 3 mL/kg per hour; for a major abdominal 
case, it may be as high as 10 mL/kg per hour. 

Counterpoint 

The traditional method of fluid calculation overestimates how 
much fluid patients need. Certain research studies suggest 
that less fluid is needed. The important thing is that we main- 
tain the blood pressure, not how we maintain it. Give a certain 
small amount of fluid, then maintain the blood pressure with 
pressors. 

Counter-counterpoint 

Common sense, and most research, bears out the first approach. 
If patients are not given enough fluid, they behave like dehy- 
drated patients: their blood pressure tends to be low (and to 
experience greater swings than would otherwise be expected), 
they tend to be tachycardic, and all of these symptoms respond 
to a fluid bolus. Like the paramedics used to say: he's not bleed- 
ing Levophed. Don't drown the patient, but give her the fluids 
she needs. 
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Should we use low-flow anesthetic techniques 
when possible? 

At the beginning and the end of a case, there is little debate: 
oxygen, and plenty of it, is the safest choice. Before an endo- 
tracheal tube is inserted or removed, the lungs should be as full 
of oxygen as possible in case we run into trouble. What about 
our intraoperative gas flows? The surgeon is cruising through an 
8-hour Whipple procedure, and as long as the vitals are stable, 
he's happy. What should we do for the patient? 

There are two basic schools of thought. The first holds that a 
"low-flow" technique is best; while there is no formal definition 
of a low-flow anesthetic, for the sake of debate, we'll say that a 
fresh gas flow rate of under 1 L/min is low flow. 

First, what's our practical minimum? Calculating the exact 
amount of oxygen your patient needs is beyond the scope of this 
book, but suffice it to say that your average patient needs around 
300 mL/min. He'll also need a bit of air with that, if we're to keep 
our Fi0 2 at a reasonable (0.5-0.6) level; gas samplers go through 
150 mL/min or so, and slight leaks (present in even a per- 
fectly maintained system) account for a bit as well. Let's start at 
500 mL/min, then, as our fresh gas flow. Why should we do this 
instead of, say, 2 L/min of oxygen and 2 L/min of air for a total 
of 4 L/min? 

The first reason is warmth. Keeping the patient warm is a big 
deal for us, and using fresh gases (below body temperature) with 
no moisture (causing further evaporative losses) doesn't help. 
Conversely, letting the patient breathe humidifed gases avoids 
those losses. Low-flow techniques maintain the patient's own 
exhaled humidity in the system; in fact, they do it so efficiently 
that on long (6-8 hour) cases, you may need to drain water from 
the breathing circuit. They also let the patient gradually warm 
his own inspired gas mixture, further reducing heat loss. 

The second reason is cost. Isoflurane isn't all that expensive, 
but desflurane and sevoflurane are somewhat pricey. High flows 



Less Filling, Tastes Great 135 

can burn through a bottle or two of agent even in a 2 -hour case. 
The difference never trumps patient safety (hence the 2 L/min 
minimum for sevoflurane), but it's a good reason to pay atten- 
tion to one's flows. 

The third reason is the environment. On a local level, anes- 
thetic pollution in the OR is becoming an issue. On a national 
and world level, there's concern about their effects on the envi- 
ronment. All volatile agents are fluorocarbons, and nitrous 
oxide contributes to smog. Waste anesthetic gases are vented to 
the outside of the hospital and from there go directly into the 
environment; it's best not to use more than we need. 

Safety used to be a concern with low-flow anesthesia, but in 
a modern OR this is a much smaller problem than it once was. 
Pulse oximetry and gas analysis mean that we no longer have to 
give as much undiluted oxygen as possible. If the C0 2 absorber is 
functioning well and the patient's Fi0 2 and Sp0 2 are where you 
want them, does it matter how many times a particular molecule 
of nitrogen passed in and out of the lungs? 

Counterpoint 

Oxygen and nitrous oxide aren't expensive, and of course medi- 
cal air is practically free. Sure, don't set your gas flows to 8 liters 
per minute for the duration of the case; but then, who's planning 
to do that anyway? Using a reasonable flow rate — say, 2 liters 
per minute — doesn't drastically increase the cost of an anes- 
thetic even with the newer, expensive agents. Don't forget that 
low flows exhaust your C0 2 absorber much more quickly — and 
those aren't free, either. As for environmental impact, even if 
our anesthetics deplete ozone, the quantities are not that consid- 
erable compared to what industry produces. Nobody is claiming 
that anesthetics are a major pollutant above the level of the oper- 
ating room itself. The only remaining advantage of a low-flow 
anesthetic is heat retention, and this can be addressed in many 
other ways. 
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What about the advantages of a wow-low-now anesthetic? 
Vaporizer settings become inaccurate (for technical reasons) at 
very low flow rates, and the margin of safety is lower. Sure, we 
should always be vigilant, but why not have the best margin of 
safety we can? 



What is the best way to secure an 
endotracheal tube? 

Apart from specialized airway procedures where the surgeon 
sutures the tube in place, there are two basic ways to secure an 
endotracheal tube: perfect for a debate. You can tape the tube in 
place, or you can use a commercially available tube holder. 

In my practice, most anesthesiologists I have known use 
tape; cloth tape works best, although in a pinch, plastic is better 
than nothing. Tear off a long (8-10 inches) strip of tape, then tear 
it lengthwise along about three-quarters of its length. Affix the 
tape to the cheek next to the side of the mouth where the tube 
exits, then wrap one "leg" of the tape around the tube and affix 
the other leg along the skin along the mouth, being careful to 
keep it off the lips. 

Repeat with the other side to keep the tube even more secure. 
Regarding the commercially available tube holders, why do we 
prefer tape so much — even to the point of replacing tube holders 
on patients who come to the OR from ICU with them? There are 
a few basic reasons: 

1 . Tube holders often don't secure the tube as well as a good 
tape job. 

2. All tube holders block access to the mouth at least par- 
tially, if not completely. This makes it very difficult to 
do basic tasks like placing an orogastric (OG) tube or an 
esophageal temperature probe; placing larger items like 
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a transesophageal echocardiography (TEE) probe or an 
esophageal dilating bougie becomes impossible. 

3. Tube holders are unwieldy to use. 

4. Since tube holders involve placing a rigid plastic object 
against the mouth and lips, pressure injuries to the skin 
and mucous membranes are a concern. 

Tube holders do have certain advantages, which is why they still 
have a few fans: 

1. When patients have significant amounts of facial hair, it 
becomes harder to secure the tube well with tape. Benzoin 
helps, although the most obvious answer — simply shav- 
ing the face — is unpopular both because patients don't 
like it and because it creates skin lesions that can become 
infected. 

2. When the tube will be left in place for days at a time (as 
with ICU patients), tube holders become popular because 
perspiration, skin oils, and epidermal sloughing gradu- 
ally loosen tape affixed to the skin. 

In this chapter, we've explored a few of the controversies in 
modern anesthesia. You'll see others, and other perspectives, as 
you progress. These debates are part of how anesthesia continues 
to grow, and they offer many research opportunities for those 
who wish to contribute. 
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What if I can't start the IV? 

First off, how big a line are you trying to start? Even cases 
when you'll eventually be using introducers can often be 
started safely with a 20 gauge; remember that all volatile 
anesthetics are vasodilators, and starting a big IV will be easier 
(to say nothing of less painful!) after the patient is asleep. 

Second, where are you trying to start the IV? We typically 
start at the hands and work our way proximally, so that the fluid 
path from a successful IV to the heart will be comprised entirely 
of intact veins. With that said, some patients have very poor 
veins in their hands; while the antecubital fossa (elbow) and 
upper arms are unpopular sites for IVs and poor choices for rou- 
tine use, they can be extremely useful in getting "tough stick" 
patients to sleep. 

All right, the patient has no usable peripheral veins; he's a 
vasculitis patient, or a cancer survivor who's had round after 
round of chemo. (Interestingly, IV drug abusers don't have this 
problem as much as you'd think; certain veins are extremely 
hard for them to reach.) First option: find someone else. Even 
the ace medics who can start IVs in helicopters miss occasion- 
ally, and backup is often your best choice. Second option: bite 
the bullet and start a central line under local. It's uncomfortable 
for the patient, but it rarely fails. You can always use ultrasound 
(SiteRite, etc.) to find the vein. Third option: exotic choices. 
These would include things like mask induction of adults (fol- 
lowed by an IV), arterial line inductions (ditto), and surgical 
cutdowns. 



What if J need help immediately? 

Like police, like firefighters, like soldiers, like almost any field 
where massive reinforcement may suddenly be needed, it's just 
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part of our culture to help the first time we're asked. A simple 
"they need help in OR five" is enough to empty the break room, 
leaving interrupted phone calls and half-eaten lunches; it's grat- 
ifying to know that when I need help, one urgent request will 
bring all the help I could possibly desire. 

But how do you send for help? You can send someone into 
the hallway to shout for help (telling the circulator "Get help!" 
should do the trick), or in the worst case you can simply call 
out the door and do so yourself — but rooms nowadays should 
have a code button that you can hit when the ship hits the sand. 
Do yourself a favor: make finding it part of your room check in 
the morning. You may get all the way through residency before 
you need to say, "Hit the code button on the far wall, next to the 
computer" — but it sure beats having to say "Help, does anyone 
know where the code button is?" 



What if J can't intubate the patient unexpectedly? 

An unexpected difficult intubation is a very different animal from 
an expected one — remember how much emphasis we put on the 
airway exam in the preop chapter. One simple question deter- 
mines how we react: can we ventilate the patient by mask? If we 
can, then the worst-case scenario isn't very bad; we may be stuck 
mask-ventilating for an hour or two, but the patient will survive. 
If we can't, it becomes an emergency, because there is no way to 
replace the oxygen in the patient's lungs. First, whoever's most 
experienced takes one more look with the laryngoscope; a gum 
bougie may also be used. If that fails, we try to pass an LM A; this 
doesn't take the place of an endotracheal tube, but it can often 
convert "can't ventilate" to "can ventilate;" afterward, with the 
lungs fully preoxygenated, the patient may be intubated through 
the LMA or allowed to wake up and intubated with the awake 
technique we saw in Chapter 5. 
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If all of these choices fail, options are limited but can be life- 
saving: a needle cricothyrotomy, performed with a long 14-gauge 
IV or similar, can allow oxygenation (though not ventilation) 
long enough to support life while a definitive airway is estab- 
lished. Emergent tracheostomy is the last step in the algorithm. 



What if the patient won't sign the consent? 

First, what's the problem? Is the problem that the patient won't 
sign, or that he can't sign? We'll take the latter case first. If he is 
otherwise willing and able to consent, but can't physically sign 
the paper, you can typically ask a nurse to witness a verbal con- 
sent. If he is unable to consent (i.e., unconscious or delirious), 
consent is obtained from a family member in nonemergent situ- 
ations. In emergent situations where the patient is unable to con- 
sent, implied consent lets us apply the standard of what treatment 
a normal, rational person would want in a medical emergency. 
Document, document, document! 

If the patient understands what he's doing, but won't sign, 
it gets tricky. Forcing treatment on someone who refuses it is 
battery, a criminal offense. The catch is that if the patient wasn't 
competent to refuse treatment, you may end up in court for hon- 
oring his wishes, on the grounds that he would have actually 
wanted the treatment he refused! If he is competent, you must 
honor his wishes; if you are concerned that his refusal is influ- 
enced by depression, you can request that the primary team con- 
sider a psych consult. 



What if the patient is latex allergic? 

Precautions to follow with latex-allergic patients fall into the 
obvious, the reasonable, and the surprising. Obviously, perform- 
ing procedures with latex gloves and latex tourniquets would 
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not be advisable; this is easily remedied with latex-free versions 
of each. Regarding the second group of precautions, certain IV 
medications are packaged with latex stoppers in the vials. Instead 
of puncturing the stopper (which theoretically risks contami- 
nating the drug with a tiny amount of latex), the stopper can be 
removed with a special tool called the Decapper; if it's unavail- 
able, a pair of hemostats do the same job with a bit more effort. 

So far, so good. The question becomes this: why is the patient 
latex allergic? Patients with certain congenital conditions, such 
as myelomeningocele, are at dramatically increased risk of latex 
allergy — and these patients, like any patient with denervated 
muscles, should not receive succinylcholine. 



What if the blood pressure won't come up? 

What have you tried so far, and what do you think is the reason 
the pressure is low? Those two questions dictate the response. 
First, a brief differential diagnosis of hypotension: 

1 . Hypovolemia (whether from NPO status or blood loss) 

2. Deep anesthesia (i.e., myocardial depression and vaso- 
dilation) 

3. Effects of drugs other than anesthetics (i.e., nitroglycerin 
given for angina) 

4. Pseudo-hypotension (certain patients, especially young 
women with low body mass, live at a systolic pressure of 
90 or so and would be hypertensive at 120) 

5. Sepsis 

6. Myocardial ischemia 

7. Adrenal insufficiency 

This is by no means an exhaustive list, but it represents 
the conditions we see most commonly in the OR. Now, what 
do we do? In the immediate short term, we can give pressors 
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and fluids to temporize while we work through this differential 
diagnosis. There are many choices here, but the first-line drugs 
are typically phenylephrine (a direct-acting vasoconstrictor) 
or ephedrine (which acts indirectly by releasing endogenous 
catecholamines). 

Now, what's causing the hypotension? Look at the anesthetic 
depth and compare it to what you'd expect the patient to need. 
Some cases, especially ones where you are using both regional 
and general anesthesia, are essentially painless. A general anes- 
thetic done for these cases (i.e., when patients refuse "regional 
only") will not typically require a full minimum alveolar con- 
centration (MAC) of inhaled anesthetic. How much fluid has the 
patient had, compared to what the fluid equation from Chapter 
10 suggests? Are there ECG changes? A fever, to suggest sepsis? 
Does the patient have a history of corticosteroid therapy, pre- 
disposing to adrenal insufficiency? Working your way logically 
through potential causes of hypotension will lead you quickly to 
the cause in the vast majority of cases. 

What if the pulse oximeter won't come up? 

We'll assume in this section that the patient is intubated. If the 
patient in question is sedated and breathing oxygen on a mask, 
we'll see what to do below. As with blood pressure, we can try 
to temporize while figuring out why the problem is happening. 
First, things that often help: 

1. Listen to the lungs (to check for endobronchial intuba- 
tion) and set the oxygen to 100%. 

2 . Perform a "recruitment maneuver": give the patient a few 
big, deep breaths to expand atelectatic (collapsed) parts 
of the lung. 

3. Add PEEP. 

If none of this helps the hypoxia, something else may be the 
matter. Possible causes include these: 
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1. Atelectasis, especially if the tidal volume is smaller than 
it should be. 

2. Lack of sufficient tidal volume. This can happen easily, 
especially with obese patients or Trendelenburg position, 
when pressure-control ventilation is used. 

3. Pulmonary edema. 

4. Artifactual (false) reading. Keeping the physics of the 
pulse oximeter in mind, an IV dose of indigo carmine 
(blue dye used in urological procedures to check for leaks) 
will often artificially lock the Sp0 2 reading on 85%. In 
this case, we return to the old-fashioned technique of 
examining the patient for cyanosis. Blue nail polish is a 
more common, and more easily remedied, cause of incor- 
rect readings: simply remove the polish from one finger- 
nail, or apply the pulse oximeter probe to the patient's toe 
or earlobe. 

5. Pulmonary embolus. 

We mentioned above that we were assuming the patient 
in question is intubated. If this is instead a sedation case, done 
with supplemental oxygen, the differential diagnosis changes 
because hypoventilation is almost always the cause. Treatment 
is as follows: 

1. Increase Fi0 2 . You can accomplish this by turning up 
the oxygen flow on a nasal cannula or by switching to a 
mask. However, if the patient is not breathing at all, do 
step 2 before changing oxygen devices. 

2. Perform a jaw-thrust maneuver by putting the third fin- 
ger of each hand behind the TMJ and thrusting the jaw 
forward. This has two effects, both beneficial. First, it 
relieves upper airway obstruction caused by the tongue 
falling backward. Second, it's not pleasant (try doing it 
gently to yourself) and it usually stimulates the patient 
enough that breathing will resume. 
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3. If this is inadequate and the patient is hypoxic, you will 
need to assist ventilation; close the pop-off valve on your 
anesthesia machine and mask-ventilate the patient. If it 
is difficult to sedate the patient safely such that there is a 
very narrow margin between wakefulness and hypoven- 
tilation, a general anesthetic with an LM A or an endotra- 
cheal tube may be a safer choice. 



What if J am called to help with an airway? 

The frequency with which the anesthesia team is called to help 
with airways depends mainly on the institution. At some hospi- 
tals, we respond automatically to all codes and traumas and are 
frequently called to the ER. At other hospitals, codes are handled 
by critical care and traumas by the emergency room staff. In 
either case, our help can be requested urgently for any patient 
who requires airway management. The fundamental difference 
in emergency airways is that if a patient with a difficult airway 
presents to the OR, we have a full anesthesia team and a difficult 
airway cart; we also (generally) start with a patient who can 
defend his own airway, allowing awake fiberoptic intubation. 
In the ER or the medical floors, such a patient may require intu- 
bation urgently, using only the airway tools at that location or 
whatever you can bring with you. 

What then? While some staff recognize their limitations and 
call us early, some call us only after multiple attempts at intubat- 
ing a "bad" airway. The situation will be chaotic. Here is how to 
maximize your chances of success. 

1. As you are walking into the room, rapidly assess the sit- 
uation. Is the patient oxygenated? If no pulse oximeter 
is present (it happens!), look for cyanosis. Is an array of 
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bloodied airway equipment strewn across the head of 
the bed? Signs of multiple traumatic attempts at intuba- 
tion warn you to expect blood and edema in the airway. 
Ideally, you will be receiving a brief report as soon as the 
person attempting to intubate sees you, but you may have 
to ask for it. 

2 . Get to the head of the bed. If the patient is being mask-ven- 
tilated successfully, allow this to continue while briefly 
formulating a plan. If not, you will have to help establish 
mask ventilation. Nothing good happens without oxygen; 
if mask ventilation fails, you are automatically into the 
"emergency" side of the difficult airway algorithm. Call 
for whatever backup you have available and attempt to 
temporize with an LMA, if possible. Bedside trach, hope- 
fully by a surgeon, is a possibility in this scenario. 

3. Get the best equipment you can. If you have your own 
bag of airway equipment (you did bring it along, didn't 
you?), seriously consider using only what you brought. 
ERs and ICUs tend to be a Noah's Ark of sort-of-working 
airway equipment, whereas you've checked your sup- 
plies ( . . .right?) and know that all the tools you'll need 
are present and working properly. For your first attempt 
at direct laryngoscopy, use your favorite blade (metal, not 
plastic) on a fully charged handle, with a styletted tube 
and a gum bougie at the ready. 

4. Have a backup plan. Can't intubate, can't ventilate? Try 
an LMA. Can't intubate, can ventilate? Use a video laryn- 
goscope if you have it, request help, and call for the tech 
to bring the fiberoptic scope. 

Above all, stay calm. The person who initially failed to secure 
the airway will be stressing out, as will the obligatory herd of 
medical personnel milling about in the room. It's not easy to 
keep your cool, but it is essential. 
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What if the patient won't wake up at the end 
of the case? 

There are three basic possibilities here, and it's usually the most 
innocent one. In order of decreasing likelihood and increasing 
severity: 

1. The patient is still redistributing or metabolizing the 
anesthetics he or she received. 

2 . The muscle relaxants outlasted the rest of the medications; 
the patient actually is awake but is not able to interact. 

3. There is something physiologically wrong with the 
patient. 

First, how long was the case, and what anesthetics did the 
patient receive? A patient who's just had 12 hours' worth of iso- 
flurane will not wake up quickly; likewise, a patient who was 
given Pentothal to the point of EEG silence (as is done for certain 
brain surgeries) will likely go to the ICU on a ventilator so it can 
wear off. Did the patient receive a lot of opiate or benzodiaze- 
pine? What premedication was given? A patient who was barely 
conscious entering the OR will still be groggy 15 minutes later, 
even if no anesthesia is given in the meantime; this becomes a 
real issue in short outpatient cases. Elderly patients, in particu- 
lar, metabolize anesthetics slowly. There is no reversal for our 
induction agents or inhaled anesthetics (other than "tincture 
of time" — i.e., patience) but opiates can be reversed with nal- 
oxone and benzodiazepines with flumazenil. Remember, as we 
discussed in the PACU chapter, that it is crucial to tell the post-op 
nurse you have given the patient these drugs. 

Thinking back to our discussion on muscle relaxants, you 
might be worried that the patient still has muscle relaxants 
"on board," but no anesthesia. This would be very serious but 
is fortunately very easy to rule out: use the nerve stimulator to 
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assess the depth of neuromuscular blockade. We do this rou- 
tinely before discontinuing anesthesia, and the result should be 
four strong twitches. If the patient were allowed to emerge from 
anesthesia before neuromuscular blockade could be adequately 
reversed, we would also expect to see hypertension and tachy- 
cardia — as a mnemonic, simply remember how you would feel if 
you were to wake up and not be able to move! 

Last, and very rarely, it is possible for something other than 
residual drug effect to be wrong with the patient. Given its rar- 
ity, this is a diagnosis of exclusion. The patient would typically 
be taken to PACU on a ventilator and the anesthetics allowed to 
wear off. If he still fails to awaken after a few hours, a neurology 
consult is indicated to rule out intraoperative stroke. 



What if the patient dies or there is a severe 
complication? 

If your anesthetic career is anything but brief, sooner or later you 
will have a complication. First, get help (call the attending imme- 
diately) and think about damage control: if the complication was 
not fatal, is there anything you can do to limit it or reduce its 
effect? Consider intraoperative MI. It is a serious complication 
but a treatable one: although the surgeon will typically object to 
aspirin or anything else that affects coagulation, all other ele- 
ments of MI treatment can still be used. Give beta blockers and 
nitrates if the blood pressure will support them, dose the patient 
with morphine or other opioid, and turn the oxygen to 100%. In 
the post-op period, get a 12-lead ECG and consult cardiology. 

Once you have done all that you can do to stabilize the 
situation, it is time to think about subsequent events. Discuss 
the situation with your attending; the two of you will need to 
chart what happened and notify the hospital's risk management 
department. 
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Patient deaths and permanent injuries deserve their own 
brief section here because they can have lasting effects on the 
caregivers involved. Questions like "what if I had ..." and "did I 
cause..." are common. This is especially true in the operating 
room because the patient may have entered the OR conscious 
and able to converse with the anesthesia team, and the process 
is healthy up to a point. 

Our response to a patient death should reflect its cause. 
Clearly, in the very rare event that the anesthesia team were 
truly responsible through negligence, we would have some dif- 
ficult questions to answer. If the surgeon is the "main" cause, 
however, this does not mean we are blameless; could we have 
prevented or limited the damage? For example, anesthesiologists 
can prevent wrong-site surgery by participating in a preopera- 
tive "time out," and a surgical hemorrhage may be ameliorated 
by vigorous resuscitation. 

With that said, most intraoperative deaths are unavoidable. 
Heroic attempts to save life and limb occur with some regularity 
in a modern teaching hospital; if the surgery is unsuccessful, this 
does not need to inspire anything beyond the aforementioned 
assessment of whether you could have done anything better to 
help the effort, as occurs in an M&M (morbidity and mortality) 
conference. 

It is not unusual to experience sadness or even clinical depres- 
sion after a patient has a bad outcome, regardless of whether you 
had anything to do with it. If you become depressed or have 
thoughts of self-harm, please seek help. 



What if the oxygen supply fails? 

First, how do you know that the oxygen supply has failed? 
Remember your machine check; when you disconnected the 
oxygen, some sort of very loud alarm went off. That's the same 
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alarm you'll hear. When you hear it, it means that the fail-safe 
valve is active and all gas flow into the breathing circuit has 
ceased. 

At this point, you temporize: open the backup oxygen cyl- 
inder attached to your anesthesia machine, which will deacti- 
vate the fail-safe valve and allow normal function again. This 
gets you time to figure out what happened to the oxygen supply, 
with the most common culprit being an oxygen supply hose that 
comes loose where it had been detached for testing — you really 
have to push it in with gusto when you reconnect it, with a quick 
tug afterward to tell you whether it's properly seated. If there's 
no obvious source for a leak, call your tech; he will be able either 
to find it or to continue supplying you with cylinders of oxygen. 



What if there's a power outage? 

Hospitals typically have backup electrical generators, so a light- 
ning storm or a neighborhood power outage shouldn't affect 
them. With that said, it's always possible (most likely due to inter- 
nal wiring problems) for the OR to lose power during a case. Lack 
of light will clearly be a problem, but your main issue is that the 
anesthesia machine and all of your monitors have lost power. 
What now? 

Think back to your ABC's: airway, breathing, circulation. 
Your patient is most likely intubated, so A is established. How 
about B? The ventilator isn't doing anything now, so detach the 
circuit from the tube and start ventilating the patient with the 
Ambu bag; the oxygen tap on your anesthesia machine will still 
be functional. If you don't have a flashlight handy (shame on 
you!), a laryngoscope will provide enough light for you to get by. 

You've probably realized by this point that the patient is no 
longer receiving anesthesia; call your tech (get in line early — 
every room is paging the poor guy at this point!) and request a 
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battery-powered propofol pump. Try to get a transport monitor 
(or at least a pulse oximeter) while you're at it. You can at least 
measure pulse manually with no equipment at all, and with a 
decent flashlight you can look for cyanosis as well. 

In case you're curious: cardiac bypass pumps have hand 
cranks for just such an occasion and in an emergency can be run 
without electricity. 



What if I get sick during a case? 

Although we hate to think about it, it does happen to everyone 
sooner or later. You can't leave without permission (this is "aban- 
donment") but you can request relief — at the medical student 
or resident stage, it should almost always be available. At the 
attending stage? Relief is typically available, but you'll hear the 
war stories sooner or later. You don't want to know . . . 

The situation is similar for any other personal catastrophe 
during a case. Tell us what's going on. Since we as a profession 
believe that a distracted anesthesiologist is inherently unsafe, 
relief should be forthcoming when your attendings learn of your 
emergency. 



What if the patient catches fire? 

This should, more properly, be broken down into two answers. 
First, if the airway catches fire, disconnect the tube from the 
breathing circuit, deflate the cuff, extubate the patient, rein- 
tubate (with a fresh tube, please!), and perform bronchoscopy 
to evaluate the damage. The first three steps should be done 
immediately and without waiting for the attending — even a few 
seconds' delay can result in catastrophic damage. This is a good 
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example of an anesthesia emergency and certainly merits call- 
ing a code. You disconnect the tube before extubation to avoid a 
"blowtorch" effect from air and oxygen passing through a flam- 
ing endotracheal tube. 

All right, what if it's not an airway fire? The first step is to 
remove any stuff that's burning — surgical drapes are flammable, 
especially when saturated with alcohol-based prep solution! 
Make sure it's completely off the patient, meaning that it's on 
the floor; merely pushing the drapes away from the surgical site 
does not guarantee that burning material is away from all parts 
of the patient. The surgeon or scrub nurse should have already 
doused the flames with copious amounts of irrigation, but tell 
them to do so if they haven't. At this point the fire should be out 
and damage control will start. 



What if the hospital catches fire or there is some other 
hospital-wide emergency? 

The most important rule here is that you can't abandon the 
patient. With that said, you aren't expected to "go down with 
the ship," either. A case near its start will likely be aborted; a case 
near its finish will be finished hastily. What about a case in prog- 
ress? If evacuation is imminent, the surgeon will probably close 
the incision regardless (even a massive incision can be crudely 
closed, when life depends on it, in one minute) and the two of 
you will push the patient to safety on a stretcher. Bring drugs 
and an Ambu bag — you can't wake the patient up right now! If 
the emergency was so close or so severe that the OR had to be 
evacuated, surgery will probably be completed elsewhere — your 
job will be to continue the anesthetic until the point that care is 
transferred to the ICU or to the next anesthesia team. 
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Anesthesia 

From the Past to the Future 



Surgery — it is shocking to consider — predates effective, 
modern anesthesia by thousands of years. Even in biblical 
times certain surgical procedures were performed; by the 
time of the American Revolutionary War an array of procedures 
was possible. Most were done with an "anesthetic" consisting 
of rum and perhaps some opium; with patients in agony for the 
entire duration of surgery a surgeon's skill was defined almost 
exclusively by his speed. 

Nitrous oxide and ether (specifically diethyl ether) were 
known in the early 19th century to induce an altered state, but 
they were initially used only recreationally — recall the nickname 
of nitrous: "laughing gas." The first ether anesthetics were given 
in the 1840s; credit for the first is given alternately to William 
Morton, who gave one successfully in 1846, or to Crawford Long, 
who reported one in 1848 but is said to have based the report 
on work he started in 1842. Either way, a breakthrough had 
occurred. 

Ether had its good points and its bad points. Despite its 
popularity, the bad points were many: postoperative nausea 
and vomiting (PONV) was awful and frequent, dosing was 
inaccurate, and the stench permeated patient and anesthesiol- 
ogist alike. Worse yet, ether vapors were also explosive; elec- 
trocautery was clearly not an option, but even a stray spark of 
static electricity could destroy an entire OR with all occupants. 
Despite all this, ether had two redeeming points. First, unlike 
alcohol, unlike morphine, unlike any other known anesthetic 
before it, a patient could receive enough to be truly "insensate" 
and still continue breathing. Hemodynamic stability was the 
other bonus: deep anesthesia with ether (unlike all other inhala- 
tional agents) raises the blood pressure. And since we had neither 
ventilators nor continuous blood pressure monitoring in those 
days, ether revolutionized surgery. 

Once the question of anesthesia went from "if" to "how," 
ether's shortcomings were revisited with a more critical eye. 
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Nitrous oxide could not be administered conveniently with the 
technology then available; it also failed to address the question of 
flammability, as did chloroform and cyclopropane. With no better 
alternative in sight, ether remained the most popular inhala- 
tional anesthetic for decades. This changed in the early 1950s, 
when someone discovered that adding fluorine atoms to hydro- 
carbons created compounds with some very useful properties. 
First, they stopped being explosive to the point that they weren't 
even flammable. Second, certain such compounds were effec- 
tive as anesthetics. It was the second revolution in inhalational 
anesthesia. 

Halothane was born. 

Compared to modern anesthetics, halothane still had some 
remarkable shortcomings; it was slow, depressed the heart sig- 
nificantly, predisposed to dysrhythmias, and periodically caused 
a noninfectious hepatitis. Nonetheless, it was the first effective, 
nonflammable anesthetic. The antistatic floor pads in ORs grad- 
ually disappeared, replaced by electrocautery machines that let 
surgeons work more efficiently and further decrease patients' 
exposure to anesthetics. 

By the 1960s, enflurane was replacing halothane. Cardiac 
depression was still an issue but not to the same extent, and 
the dysrhythmias and hepatitis were no more. Since then, the 
challenge has been to make volatile anesthetics less soluble 
and therefore quicker: quicker anesthesia, quicker awakening, 
quicker response when concentration is changed. 

What does the future hold, you might ask? The ideal inha- 
lational anesthetic would be odorless, not be reactive with other 
drugs, not be a cardiac depressant, and not pollute the environ- 
ment. This has been discovered, in the form of the noble gas 
xenon. Purified from air, xenon has been slow to reach widespread 
clinical use because of its cost; without closed-circuit anesthesia, 
it would be prohibitively expensive. (Closed-circuit anesthesia 
is low-flow anesthesia taken to its logical conclusion, where gas 
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flows are limited to replacement of what the patient absorbs and 
metabolizes.) As new anesthesia machines that employ closed- 
circuit techniques to conserve xenon become available, this may 
be the third and final breakthrough in inhaled anesthesia. 

Most drugs have followed a pattern reminiscent of how 
inhaled anesthetics progressed. Opium was concentrated as tinc- 
ture of opium; its active ingredient, morphine, was subsequently 
isolated and purified. Semisynthetic and synthetic opioids have 
sped or prolonged action and improved the side effect profile. 
A similar pattern of development can be seen in the history of 
muscle relaxants and IV anesthetic agents. Biotechnology is now 
helping us to develop new treatment options by letting us tailor 
treatments to individual biochemical pathways. 

Let us turn our attention to patient monitoring. In the 
beginning, monitoring was done strictly with the eyes and ears; 
the anesthesiologist continually watched the patient's face for 
signs of cyanosis and listened for signs of labored breathing. As 
anesthesia progressed, it became common practice to chart the 
pulse, blood pressure, and respiratory rate; anesthesiologists 
wore earpieces with stopcocks in the tubing, allowing them to 
switch between a precordial stethoscope and a stethoscope on 
the arm for periodic manual blood pressure measurements. The 
Dinamap and similar products later automated blood pressure 
measurement. Pulse oximetry was introduced into clinical prac- 
tice in the late 1970s, allowing quantitative assessment of oxy- 
genation; continuous EKG monitoring likewise allowed more 
precise analysis of heart rhythms. Disposable, single-use trans- 
ducers now let us monitor arterial and central venous pressures 
continuously, and transesophageal echocardiography allows a 
detailed cardiac exam to be done from the head of the bed. 

What does the future hold? Truly noninvasive monitoring 
is currently being researched and shows considerable promise; 
a continuous blood pressure measurement may indeed become 
the standard of care within a few decades. Pulse oximeters are 
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being expanded to analyze other wavelengths, allowing evalua- 
tion of gases beyond oxygen in the blood. Indeed, it is difficult to 
think of a single measuring device that has yet to be upgraded — 
aside, perhaps, from our own eyes and ears! 

In procedures, the history is simpler but still revolutionary. 
There are two basic ways to do a procedure: "blind" (relying on 
experience, landmarks, and feel) or with visualization. Initially, 
blind procedures were the only choice; imaging was cumber- 
some, unreliable, or nonexistent. Fluoroscopy started to allow us 
some measure of visualization for certain procedures, like cervi- 
cal epidurals, but failed to ease central lines. Ultrasound, on the 
other hand, revolutionized central line placement by enabling 
us to see easily where veins lie. It also reduces complications 
by letting us locate arteries and steer clear of them. Likewise, 
the videolaryngoscope — a simple hybrid of a laryngoscope and a 
miniature video camera — can help greatly with difficult intuba- 
tions. Further progress will lie mainly in simplifying the equip- 
ment and increasing the image quality — and here, too, steps are 
being made on a yearly if not monthly basis. 

Perhaps the most exciting progress in anesthesia, however, 
does not directly involve actual patients. Simulator technology 
now lets us learn techniques and practice our responses to almost 
any conceivable OR event with realism that can be startling at 
times. While it's both fun and useful to practice airway and 
venous access techniques on the simulator, the emergency exer- 
cises are where simulators are especially effective. Malignant 
hyperthermia (MH) crisis? Power outage? Patient on fire? You 
may know in the academic sense what you should do — but know- 
ing that you have actually handled those situations (even simu- 
lated) bolsters both your confidence and your patients' safety. 

There is one other area where anesthesiologists have 
embraced new ways of reducing morbidity and mortality, but it 
does not involve technology at all. Rather, it is a massive, collabo- 
rative effort to investigate morbidity and mortality in anesthesia. 
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The Closed Claims Project (CCP), named for its investigation 
of lawsuits related to anesthesia, emphasizes a nationwide 
approach to identifying and reducing threats to patients. This 
project, which applies the theories of evidence-based medicine 
to various aspects of a modern anesthetic, is one more tool in our 
arsenal as we seek ever-lower complication rates. 

Taken together, advances in anesthesia have accomplished 
something truly revolutionary in the last 50 years. Not only have 
we expanded our procedural repertoire dramatically, we have 
increased safety while doing so. Anesthesia-related mortality, 
one of the most basic trends followed by the CCP, has decreased 
in healthy patients to roughly one in one million. It is truly an 
exciting time to practice anesthesia! 
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You Call It a What? 

A Brief Glossary of 
Anesthesia Terms 



s 



ome of the slang you see here is very colloquial; it is included 
so that you will understand it, but it is best to speak a little 
more formally — especially as you start your training. 



14/16/18/20/22/24 — IV lines, referred to by their gauge 
(size). The smaller the number, the bigger the IV: a 14 is much 
bigger than a 24. 

ABG — See arterial blood gas (analysis). 

A-line — Arterial line. Used for continuous blood pressure 
monitoring, blood gases, and frequent blood draws. 

Appy — Appendectomy. 

Arterial blood gas (analysis) — Also called an "ABG" or 
simply a "gas," this lab test measures pH, oxygen, carbon diox- 
ide, and bicarbonate in blood. Depending on the lab, other mea- 
surements may also be possible. 

Automatic pressure limiting (APL) valve — An adjust- 
able valve that limits the inspiratory pressure that can be given 
to the patient during mask ventilation, preventing barotrauma 
to the lungs. 

Bagging — Ventilating a patient with a mask as opposed to 
using an ETT. "After we gave the sux, we bagged him until he 
was ready to intubate." Bagging can be done with a self-inflat- 
ing (Ambu) bag or an anesthesia machine's reservoir bag. Some 
anesthesiologists frown on this colloquialism; the most proper 
expression is "mask-ventilating the patient." 

Bair Hugger — Brand name for a forced-air warming blan- 
ket system. 

Bi-level positive airway pressure — Also called "BiPAP," 
this more advanced form of CPAP improves oxygenation by 
providing additional positive pressure when its electronic con- 
trols sense that a patient is taking a breath. 

BIS — BISpectral Index, pronounced "biss." A miniature 
EEG intended to measure depth of anesthesia and express it as a 
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two-digit number. Sixty or less is considered a general anesthetic 
with a very low likelihood of recall. 

Blood-brain barrier — Apart from its physiological mean- 
ing, this is also used jokingly as slang for the ether screen. The 
blood's on the surgical side — get it? 

Blood patch — See epidural blood patch. 

Blower — Ventilator. Colloquial. 

Board — A large whiteboard (kept out of patient sight, to 
protect privacy) containing a master list of the ORs and the sur- 
geries scheduled for each. This is also where 'ologists, CRNAs, 
and residents are assigned to rooms. 

Bougie — Formally named the Eschmann intubating sty- 
let, this long, flexible tool is used for assistance when direct lar- 
yngoscopy is unrewarding. (For more information, flip back to 
chapter 5.) 

Bovie — Electrocautery device used to stanch bleeding 
during surgery. Like Xerox and Jeep, the original brand name 
became a generic term. Its electrical energy tends to interfere 
with the EKG while it's in use. 

Bread-and-butter — Basic anesthesia. A practice focused 
mainly on healthy patients with isolated surgical issues as 
compared to a tertiary referral center caring for especially sick 
patients. 

Breath stacking — Occurs when the ventilator starts to give 
a new breath before exhalation is complete, causing the lungs 
to become increasingly overfilled. Can typically be remedied by 
changing the I:E ratio to allow more time for exhalation. 

Bypass criteria — A set of criteria used to establish whether 
a patient whose surgery was done under MAC or local anesthe- 
sia can safely bypass the PACU. In essence, the bypass criteria 
are a formal way of saying that a patient who has maintained 
his or her own airway throughout surgery and who is now wide 
awake may not need the same level of monitoring as one who 
has just started to breathe unassisted. 
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Cabbage — CABG (coronary artery bypass graft). 

CBC — Complete blood count. Consists of an H&H plus a 
white blood cell count and a platelet count. 

Central line — A large-bore IV placed in the internal jugu- 
lar, subclavian, or femoral vein. 

Cerebrospinal fluid (CSF) — The fluid that surrounds the 
brain and spinal cord to cushion them. Seeing CSF coming from 
the needle indicates that a spinal needle is properly positioned; 
for an epidural, it would indicate a wet tap. (See chapter 10 for 
more information about each of these.) 

Chem 7 — A basic metabolic panel that analyzes seven com- 
ponents of blood chemistry: sodium, potassium, chloride, bicar- 
bonate, blood urea nitrogen (BUN), creatinine, and glucose. 

Chole — Cholecystectomy. Pronounced kohl-ee. 

Code — As a noun, resuscitation efforts for a dying patient. 
As a verb, to apply those efforts to a patient. From "code blue," 
once a common way of summoning the code team to a cardiac 
arrest. At some institutions there are multiple types of code: one 
for cardiac arrest, one for imminent arrest (the "precode"), etc. 

Continuous positive airway pressure — As its name 
suggests, "CPAP" prevents airway pressure in a spontaneously 
breathing patient from becoming negative. Since negative pres- 
sure (vacuum) favors alveolar collapse, CPAP tends to hold alve- 
oli open, improving gas exchange and oxygenation. 

Cordis — An introducer, named after one popular brand. 

CPAP — See continuous positive airway pressure. 

CRNA — Certified registered nurse anesthetist. A CRNA is 
an RN who has undergone additional training in critical care 
(becoming a CCRN, or critical care registered nurse) and sub- 
sequently in anesthesia. A CRNA in training is an SRNA. Note 
that the A is for anesthetist, not anesthesiologist. Just to add to 
the confusion, the term anaesthetist (with an extra A!) is used 
generically in British English to describe anyone who provides 
anesthesia. 
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Cruise control — From the car term. Refers to a stable anes- 
thetized patient requiring little intervention. 
CSF — See cerebrospinal fluid. 

CVP — Central venous pressure. Generally (with certain 
exceptions) correlates to right atrial pressure. 

Deep — Deeply anesthetized. Well into stage 3 (or further). 
You might do this on purpose if you can't use muscle relaxant, 
since a deep anesthetic does the same thing — albeit with more 
side effects. 

Deepen — To give more anesthesia, generally by increasing 
the concentration of inhaled agent. 

Des — Desflurane. Pronounced "dez." 

DL — See direct laryngoscopy. 

Direct laryngoscopy — The most commonly used way to 
intubate patients. Refers to using a laryngoscope to look directly 
(i.e., without fiberoptics or cameras) at the larynx. See chapter 
5 for details. 

Drip — Continuous IV infusion. A hypotensive patient 
might be given a Neo drip. 

EBL — Estimated blood loss. Occasionally the cause of a 
debate between a surgeon and an anesthesiologist: "Oh, that's 
mostly irrigation!" Diplomatically explaining that a one-liter 
suction canister completely filled with a giant blood clot does not 
contain 900 mL of irrigation is one of the challenges we face. 

ECG — See electrocardiogram. 

Electrocardiogram — A visual representation of the heart's 
electrical activity, useful in monitoring for ischemia (inadequate 
oxygen supply) and for rhythm disturbances. 

End-tidal — Refers to a gas concentration measured at the 
end of exhalation, when sampled gases most closely reflect the 
contents of a patient's blood. 

Epidermal — Joking mispronunciation of epidural. Literally 
means that the anesthetic would be placed topically onto the 
skin. 
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Epidural blood patch (EBP) — The most effective rem- 
edy for postdural puncture headache, this consists of blood 
drawn from a patient under sterile conditions and injected into 
the epidural space. The blood then clots, stopping the CSF leak 
responsible for the headache. 

ET— See end-tidal. 

Ether screen — The sterile drape separating the surgeons 
from the anesthesiologist. Probably the oldest slang term we 
have, dating all the way back to the days of ether anesthesia. 

ETT — Endotracheal (breathing) tube. 

Float a Swan — To place a Swan-Ganz (pulmonary artery) 
catheter. The tip of the catheter contains a tiny balloon that is 
inflated with the catheter in the central venous circulation. The 
catheter then "floats" along with blood flow through the right 
side of the heart and into the pulmonary circulation, where the 
balloon is subsequently deflated. (Don't forget that last part!) 

Flush — Refers to either "saline flush" (a syringe, generally 
10 mL, containing normal saline solution and used to flush med- 
ication through the IV line) or the oxygen flush button on the 
front of the anesthesia machine (which temporarily connects 
the high-pressure oxygen supply directly to the breathing cir- 
cuit). You'll know from context which is being discussed. 

GSW — Gunshot wound. One way to meet the anesthesia 
team. 

H&H — Hemoglobin and hematocrit. Used to assess for 
anemia. 

■"He's awake!" — Surgeon's response to involuntary muscle 
movement in response to stimulation. You know from the dis- 
cussion of minimum alveolar concentration (MAC) in chapter 
3 that this typically does not mean the patient is awake; the BIS 
helps us to confirm that so that we can give a dose of muscle 
relaxant instead of deepening anesthesia unnecessarily. 

I:E ratio — Inspiration:expiration ratio. The ratio, for a 
breath given by a ventilator, of the time spent on inhalation 
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and exhalation. A good "generic" I:E ratio for a healthy patient 
would be 1:2 to allow for passive exhalation and avoid breath 
stacking. 

IJ line — A central line placed in the internal jugular 
vein. 

Introducer — An even bigger central line, consisting 
of one huge lumen and a side port. The huge lumen is used 
to introduce (hence the name) various things to the central 
circulation, such as Swan-Ganz catheters and transvenous 
pacemakers. 

Iso — Isoflurane. 

Lap (adjective) — Laparoscopic, e.g. "lap chole" or "lap 
appy." 

Laryngeal mask airway — An airway device that forms a 
mask seal around the entrance to, but does not enter, the larynx. 
Most useful in cases where patients will breathe spontaneously, 
and also handy as an airway rescue tool. (See chapter 5 for more 
information.) 

Light — Light anesthesia means that the patient is on the 
"not enough" side of stage 3. No problem if you're trying to wake 
him up; otherwise, you need to deepen anesthesia. Signs include 
hypertension, tachycardia, high BIS reading, dilated pupils, 
sweat on patient's face, and surgeon cursing at you. 

Line — As a noun, any sort of IV, central line, or arterial line. 
As a (more colloquial) transitive verb, to start a central or arterial 
line. "We lined the patient so we could float a Swan." 

MAC — See minimum alveolar concentration. 

Malignant hyperthermia — A rare anesthetic emergency 
triggered by an error in calcium metabolism and characterized 
by runaway metabolic activity. Treatable (see chapter 3) but 
extremely dangerous. 

Masking — See bagging. 

MDA — MD anesthesiologist as opposed to a CRNA. 

MH — See malignant hyperthermia. 
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MIDCAB — Minimally invasive direct coronary artery 
bypass. An off-pump one- or two-vessel CABG performed 
through a smaller incision. 

Minimally invasive — Refers to a surgery done through 
ports: laparoscopic, thoracoscopic, etc. 

Minimum alveolar concentration — A measure of 
inhaled anesthetic potency. See Chapter 3 for details. 

Morbidity and mortality — Also called "M&M," this is 
a conference where complications are discussed to assess why 
they occurred and whether a recurrence could be prevented. 

MVA — Motor vehicle accident. Another way to meet the 
anesthesia team. 

Neo — Phenylephrine. From its brand name, Neo-Syne- 
phrine. 

NG — Nasogastric tube. 

Nissen — A Nissen fundoplication, generally performed for 
intractable reflux. Often performed laparoscopically. 

No code — A patient who has an advance directive stating 
that he does not want aggressive resuscitation efforts such as 
CPR. 

NPO — Nothing by mouth. The initials come from the equiv- 
alent Latin expression Nil per Os. Refers to an order given before 
surgery, so that patients will enter the OR with a (we hope) 
empty stomach. 

OG — Orogastic tube. 

'Ologist — Anesthesiologist. A short way of referring to an 
MD anesthesiologist as compared to a CRNA. 

On-pump/off-pump — Refers to whether heart (or other) 
surgery took place with the help of circulatory bypass. "Room 5 
has an off-pump CABG this morning." 

Open — Opposite of minimally invasive. A laparotomy is an 
open procedure; a laparoscopy, by comparison, would be mini- 
mally invasive. 
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Open and close — See peek and shriek. 

Opioid naive — Also "opioid virgin." Refers to a patient 
whose metabolism has not built up opioid tolerance from chronic 
use and who should therefore receive a smaller starting dose. 

PACU — See post anesthesia care unit. 

Paravert — A paravertebral injection or catheter, used for 
postoperative pain control. 

PDPH - See postdural puncture headache. 

Peek and shriek — A surgery that is stopped early because 
disease (typically cancer) was found to be unresectable or more 
advanced than was previously believed. This sometimes leads to 
interesting anesthetic problems, as do surgical equipment fail- 
ures early in the case, if large doses of drugs were given upfront 
to prepare the patient for a long case. 

PEEP — See positive end-expiratory pressure. 

Pop-off — See automatic pressure limiting (APL) valve. 

Positive end-expiratory pressure — Also called PEEP, 
this refers to a ventilator not allowing the airway pressure to 
drop to zero at the end of a breath. This prevents alveoli from col- 
lapsing and improves gas exchange. 

Post anesthesia care unit (PACU) — Sometimes called the 
recovery room, this is the specialized ICU where most patients 
go immediately after surgery to be monitored closely. The only 
exceptions are patients who go straight to other ICUs (i.e., those 
who go to the cardiac ICU after bypass surgery) or those who 
meet bypass criteria. 

Postdural puncture headache — A headache, generally 
worse with upright position, caused by CSF leakage at the site of 
an epidural, spinal, or lumbar puncture. Often associated with 
an epidural wet tap. (See Chapter 10 for more details.) 

Premedication — No, not premeditation! Refers to giving 
patients medications before bringing them to the operating room. 
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Popular choices include benzodiazepines, opioids, antiemetics, 
and beta blockers. 

Pre-op — A preoperative evaluation to ensure that a patient 
is as fit for anesthesia and surgery as possible. See chapter 4 for 
details. 

Rapid sequence intubation — An airway management 
technique designed to minimize the chance of a patient aspirat- 
ing gastric contents into the lungs. See chapter 5. 

Recall — "I remember everything you said during my oper- 
ation ! " A rare complication, but one reason we premedicate with 
drugs like midazolam that have amnestic effects. 

Relief — The person who takes over a case so that another 
anesthesia provider can leave at the end of a shift. Derived, per- 
haps, from the expression "relief pitcher" in baseball? 

RSI — See rapid sequence intubation. 

Running the board — What a charge anesthesiologist (who 
assigns cases and personnel to rooms) is said to be doing. A sur- 
geon wishing to schedule a case might ask, "Who's running the 
board?" 

Scope — Laryngoscope (or occasionally bronchoscope). 

Seldinger technique — A technique wherein a vein (or, 
rarely, an artery) is accessed with a small needle and a guidewire 
placed through the needle; the guidewire is then used to place 
a larger catheter. Sometimes used metaphorically to explain 
related ideas, such as the use of a bougie. 

Sevo — Sevoflurane. 

Slash trach — An emergency tracheostomy, performed 
as a last resort when all other airway measures have failed. A 
messy, but life-saving, affair. A patient who has had a slash trach 
will typically go to the OR immediately afterward for surgical 
revision. 

SLIC — Single lumen introducer catheter, pronounced 
"slick." A long straight catheter placed through an introducer as 
a second lumen (the introducer's side port being the first). 
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Spike a bag — To attach a bag of IV fluid to the sharp end 
("spike") of an IV tubing set and allow the fluid to run through 
the set. "Spike a bag of normal saline and start an 18 on him." 

Spinal headache — See postdural puncture headache. 

Caused by CSF leakage at the site of an epidural, spinal, or lum- 
bar puncture. See Chapter 10 for more details. 

SRNA — Student Registered Nurse Anesthetist. 

Sux — Succinylcholine. 

TEE — Transesophageal echocardiogram. Because the 
esophagus is right next to the heart, this study provides a much 
clearer picture than a TTE - which has to go across skin, subcu- 
taneous fat, muscle, and ribs. However, a TEE requires anesthe- 
sia whereas a TTE does not. 

Tooth-to-tattoo ratio — Don't say this one in front of 
patients! Refers to an old ER adage that the likelihood of drug 
abuse is directly proportional to the number of tattoos and 
inversely proportional to the number of remaining teeth. 
Extremely colloquial. 

Transduce — To "lead across" (its literal meaning) a signal 
from mechanical form (pressure variations in tubing) to digi- 
tal form (a waveform or numeric readout on the monitor). You 
might transduce an I J line to measure the CVP. 

Transport monitor — A portable patient monitor with a 
battery pack, allowing monitoring to be continued as a patient is 
moved (typically to ICU). 

Triple lumen — A central line with three lumens, or inter- 
nal passageways. Useful for giving drugs that can't be mixed 
with each other, or giving blood and drugs at the same time. Can 
also be used for monitoring CVP if placed in the internal jugular 
or subclavian vein. 

Train wreck — A very sick patient, or a very dysfunctional 
situation. Very colloquial. 

TTE — Transthoracic echocardiogram, an echocardiogram 
done by placing an ultrasound probe on the patient's chest. 
The picture is inferior to that obtained by a TEE, and can't be 
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obtained at all with the ribs spread apart for heart surgery, but 
its noninvasive nature can make it a handy tool for preoperative 
evaluation. 

Tube — To intubate. Colloquial. 

Type and crossmatch — Also called "type and match." A 
lab test used to prepare blood for transfusion by confirming that 
it is compatible with the patient's blood type and antibodies. 

Type and screen — A lab test that identifies the patient's 
blood type and antibodies but does not test for compatibility 
with a specific unit of blood product. Saves time if a type and 
crossmatch is expected to be needed later. 

Vent — Ventilator. 

Wet tap — An epidural that has gone too deep and become a 
spinal. Presents the danger of postdural puncture headache, and 
of overdose if not detected. 
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Access lines. See Arterial line; Central 

line; IV line 
Airway 
difficult 

awake tracheostomy for, 70 
management of, 67-70 
unexpected, 141-42 
examination of, 53-54 
fire in, 152-53 

Mallampati classification of, 54 
Airway equipment tray, 22-25, 

22/, 24/ 
Airway management, 60-71 
emergency rescue devices in, 

67-70 
endotracheal intubation in, 61-64 
handling calls for help with, 

146-47 
initial preparation for, 70-71 
laryngeal mask airway in, 64-68, 

65/ 66/ 129-30 
learning about, 131-32 
masks in, 60-61 
obtaining help with, 140-41 
selecting a device for, 130-32 
supplemental oxygen devices 
in, 60 



videolaryngoscope in, 68 

Airway surgery, nitrous oxide 
and, 33 

Alcohol tolerance, 48 

Allergy, latex, 142-43 

Ambu bag, 61 

Amide local anesthetics, 39 

Anesthesia 

closed-circuit, 157-58 
concentration changes, speeding 

up, 30-31 
death or serious complication after, 

149-50 
discovery of, 156 
emergence from, 74-80 
epidural. See Epidural anesthesia 
failure to awaken after, 148-49 
glossary of terms in, 162-72 
inhalational. Seelnhalational 

anesthesia 
intravenous, 34-37 
local. See Local anesthesia 
low- flow, 134-36 
measuring depth of, 29-30 
monitoring in. See Monitoring 
morbidity and mortality in, 
159-60 
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Anesthesia (Contd) 

preoperative evaluation in. See 
Preoperative evaluation 

regional. See Regional anesthesia 

simulator technology for, 159 

spinal, 124-26 

stages of, 28-29 
Anesthesia emergency 

fire-related, 152-53 

help with, sending for, 140-41 

hospital-wide emergency and, 153 
Anesthesia machine 

airway equipment tray on, 22-25, 
22/, 24/ 

ASA standard monitors in 
conjunction with, 9 

backup oxygen cylinder on, 151 

checking of, 18-25 

components of, 2-9, 2/ 

safety features of, 3 
Antecubital fossa, 97 
Antibiotics, prophylactic, 93 
Anticholinergics, 45 
Antiemetics, 83-84, 85 
Arm tucking/protection, 71 
Arterial line, 103-8 

appropriate waveform for, 106, 106/ 

indications for, 10-11 

placement of, 103-6 

preparation for, 103-5, 104/ 105/ 

problems with, 107-8 

securing of, 106-7, 107/ 

supplies for, 103 
Arterial waveform, 106, 106/ 
ASA standard monitors, 9 
Automatic pressure-limiting (APL) 

valve, 6 
Awake fiberoptic intubation, 68-70 
Awake tracheostomy, 70 

Bedside manner, 57-58 
Bellows, 7-8 

Bi-level positive airway pressure 
(BiPAP), 7 



Bispectral index (BIS), 29-30 
Blood loss, intraoperative, 

compensating for, 133 
Blood patch, epidural, forpost-dural- 

puncture headache, 123-24 
Blood pressure 

low, 120, 143-44 

monitoring of, 10-11 
Breathing circuit, 2, 61 
Breathing modes, 7 
Bupivacaine, 39 

Carbon dioxide curves, 4, 5/ 
Cardiac disease, anesthetic 

considerations in, 48-49 
Cardiac examination, 55 
Central line, 109-14 

confirmation of correct placement 

of, 111-12 
contraindications to, 109 
finder needle for, 111 
landmarks for, 111 
locations for, 109 
placement of, 109-13 
preparation for, 109-11 
securing of, 113, 113/ 
supplies for, 109 
Cerebrospinal fluid leak, post-dural- 
puncture headache from, 
123-24 
Certified registered nurse 

anesthetists (CRNAs), 
128-29 
Cholinesterase inhibitors, 44-45 
Cisatracurium, 44 
Closed Claims Project, 160 
Closed-circuit anesthesia, 157-58 
Cocaine, 39 
Code button, 141 
Compound A, 31 
Consent, 56-57, 142 
Continuous positive airway pressure 

(CPAP), 7 
Cricothyrotomy, 142 
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Cuff, blood pressure, 10 
Curare notch, 4, 5/ 

Death, patient, response to, 150 

Dental examination, preoperative, 54 

Desflurane, 31 

Dexamethasone, 83 

Difficult intubation. See Endotracheal 

intubation, difficult 
Documentation, in postanesthesia 

care, 78-80 
Dronabinol, 84 
Droperidol, 83-84 
Drug abuse, 93-94 
Dural puncture 

headache from, 122-24 

for spinal placement, 125 

Electrocardiography, 9-10 
Emergence from anesthesia, 74-80 
Emergency 
anesthesia 

fire-related, 152-53 
sending for help with, 140-41 
difficult airway as, 147 
hospital-wide, 153 
power outage as, 151-52 
Emergency airway rescue devices, 

67-70 
Emergency equipment, 25 
Endotracheal intubation 
awake fiberoptic, 68-70 
confirmation of, 64, 89 
difficult, 67-70 

awake tracheostomy for, 70 
choosing a device for, 130-32 
unexpected, 141-42 
extubation after, 76-77 
gum bougie for, 24-25, 67-68 
versus laryngeal mask airway, 67 
with laryngoscope and Macintosh 

blade, 62-64 
rapid sequence, 64 
reasons for, 61 



tubes for. See Endotracheal tubes 
Endotracheal tubes 

placement of, confirmation of, 

64, 89 
preparation and checking of, 23 
securing of 
best technique for, 136-37 
tape for, 23-24, 24/ 
Enflurane, 157 

Ephedrine, for hypotension, 144 
"Epi wash," for spinal placement, 125 
Epidural anesthesia, 116-24 
checking level of analgesia after, 

120-21 
dural puncture during, 122-24 
local anesthesia for, 117 
materials needed for, 116 
partial pain relief after, causes of, 

122 
patient positioning for, 116-17 
placement of needle and catheter 

in, 118-19 
problems with, 121-24 
securing catheter after, 120 
test dose for, 119-20 
vital signs after, 120 
"wet tap" with, 122-24 
Epidural blood patch, for post-dural- 

puncture headache, 123-24 
Epidural syringe, 117-18 
Eschmann intubating stylet (gum 

bougie), 24-25, 67-68 
Esophageal temperature probe, 71 
Ester local anesthetics, 39 
Ether, 156 
Etomidate, 35-36 
Expiratory valve, 5 
Extubation, 76-77 
Eye protection, 71 

Face mask, 2 
Fail-safe valve, 3, 18-19 
Femoral line, 107-8, 109. See also 
Central line 
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Fentanyl, 37-38 

Fluid deficit, calculation of, 132-33 

Fluoroscopy, 159 

Forearm, for IV line, 96-97 

Gas analyzer, 4, 19 

Gas circuit leak, check for, 19-20 

Gas flow adjustment, 3 

Gas flow technique, low-flow, 

134-36 
Gas mixture, hypoxic, prevention 

of, 18 
Gastroesophageal reflux disease, 

anesthetic considerations 

in, 51 
Glossary of anesthesia terms, 

162-72 
Glycopyrrolate, 45 
Gum bougie, 24-25, 67-68 

Halothane, 157 

Headache, post-dural-puncture, 

123-24 
Help, how to request, 140-41 
History taking 

cardiac, 48-49 

gastrointestinal, 51-52 

hepatic, 49-50 

neurological, 52 

past anesthetic, 52-53 

pulmonary, 49 

renal, 50-51 

unnecessary items in, 53 
Hospital-wide emergency, 153 
Humidifier, 9 
Hydromorphone, 39 
Hypercapnia, permissive, 75-76 
Hyperthermia, malignant, 42-43 
Hypotension 

after epidural placement, 120 

differential diagnosis of, 143 

management of, 143-44 
Hypothermia, prevention of, 13, 
91-92 



Hypoxia 

in intubated patient, 144-45 
in sedated patient, 145-46 

Hypoxic gas mixture, test 
for, 18 

Induction 
inhalational agents for. See 

Inhalational anesthesia 
intravenous agents for, 

34-37 
mask 

with nitrous oxide, 34 
with volatile anesthetics, 32 
Informed consent, 56-57, 142 
Inhalational anesthesia 
basics of, 28-31 
future of, 157-58 
history of, 156-57 
ideal agent for, 157 
nonvolatile agents for, 32-34 
volatile agents for, 31-32 
Insensible fluid loss, compensating 

for, 133 
Inspiratory valve, 5 
Internal jugular line, 109-14. See also 

Central line 
Intraoperative blood loss, 

compensating for, 133 
Intravenous line, 96-103 
difficulty starting, 140 
"flushing" of, 102 
local anesthesia for, 100 
locations for, 96-97 
placement of needle and catheter 

for, 100-101, 100/ 
preparation for, 97-98 
problems with, 102-3, 140 
securing, 101-2, 101/, 102/ 
size of, 96 
supplies for, 96 
tourniquet for, 98, 99/ 101 
Intubation. See Endotracheal 
intubation 
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Isoflurane 

in combination with nitrous 
oxide, 33 

properties of, 32 
IV line. See Intravenous line 
IV set, 97 

Jaw-thrust maneuver, 145 
Jet ventilator, 21 

J-wire, IV catheter and, for arterial 
line, 105 

Ketamine, 36-37 

Laboratory work, preoperative, 55 
Laryngeal mask airway 

advantages of, 64-65 

placement of, 65-67, 65/, 66/ 

possible expanded use of, 129-30 

versatility of, 131 
Laryngoscopy 

direct, 62-64 

equipment check in, 23 

videolaryngoscope in, 68 
Laryngospasm, 76 
Lateral decubitus position, 14-15 
Latex allergy, 142-43 
Lidocaine, 39 

for awake fiberoptic intubation, 69 

with epinephrine, for spinal 
anesthesia, 125 

for IV line placement, 100 
Lithotomy position, 15 
Liver disease, anesthetic 

considerations in, 49-50 
Local anesthesia 

agents used for, 39 

allergic reaction to, 39 

for IV line placement, 100 

for spinal anesthesia, 125 

overdose of, 39-40 
Low-flow anesthesia, 134-36 

Malignant hyperthermia, 42-43 



Mallampati airway classification 

system, 54 
Mask(s) 

attached to Ambu bag or breathing 
circuit, 61 

laryngeal, 64-68, 65/ 66/ 
129-30, 131 

nonrebreathing, 61 

simple, 60-61 
Mask induction 

with nitrous oxide, 34 

with volatile anesthetics, 32 
Mask ventilation, for hypoxic 

patient, 146 
Mechanical ventilation 

breathing modes in, 7 

humidifier in, 9 

modes of, 6-7 

pressure relief valve in, 8 

system for, 6-8 

weaning from, 75-76 
Meperidine, 37-38 
Metoclopramide, 83 
Meyer-Overton rule, 28 
Midazolam, 37 
Minimum alveolar concentration 

(MAC), 29 
Monitoring 

advances in, 158 

ASA standard, 9 

equipment for 

description of, 9-13 
preparation of, 21-22 

future of, 158-59 

history of, 158 

of muscle relaxants, 40-41 

in postanesthesia care unit, 78 
Morphine, 37 
Muscle contraction, 40 
Muscle relaxants 

depolarizing, 41-43 

monitoring of, 40-41 

nondepolarizing, 43-44 

precautions on use of, 92-93 
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Muscle relaxants (Contd) 
properties of, 40-44 
in renal disease, 51 
reversal of 

agents for, 44-45 
assessment of, 75 
Myocardial infarction, 

intraoperative, 149 

Nasal cannula, 60 

Nausea and vomiting, postoperative, 

82-85 
antiemetics for, 83-84, 85 
prevention of, 84-85 
risk factors for, 52, 82 
Needle cricothyrotomy, 142 
Needlestick injuries, prevention of, 92 
Negative-pressure pulmonary 

edema, 76 
Negative-pressure relief valve, 8 
Neostigmine, 44-45 
Neurological disorders, anesthetic 

considerations in, 52 
Nitrous oxide, 32-34, 156, 157 
Nonrebreathing mask, 61 
NPO instructions, 51-52 
Nurse anesthetists. See Certified 

registered nurse anesthetists 

(CRNAs) 

Obesity, and laryngeal mask airway, 

129-30 
Occlusive dressing, 106-7 
Ondansetron, 83, 84 
Operating room 

calling for help in, 140-41 

fire situations in, 152-53 

handling personal sickness in, 152 

power outage in, 151-52 

precautions related to, 91 

starting a case smoothly in, 70-71 
Operating table 

hand controller for, 13, 14/ 



lock on, 15 

patient positioning on, 13-15 

safety precautions related to, 90 
Opioids 

properties of, 37-39 

titrating to effect, 74-76 

tolerance to, 48 
Orogastric tube, 24, 71 
Oropharyngeal airways, 23 
"Overshoot technique," 30 
Oximetry, pulse, 11-12 
Oxygen devices, supplemental, 60 
Oxygen fail-safe valve, 3, 18-19 
Oxygen flush button, 88-89 
Oxygen sensor, 19 
Oxygen supply, failure of, 150-51 

Pancuronium, 44 
Patient positioning 

for epidural placement, 116-17 

for internal jugular line, 109-10 

on operating table, 13-15 

precautions with, 90 
Peripheral nerve stimulator, 40-41 
Phenylephrine, 144 
Physical examination, 53-55 

of airway, 53-54 

cardiac, 55 

pulmonary, 55 

of teeth, 54 
"Pop -off valve," 6 
Positive airway pressure, 7 
Positive end-expiratory pressure 

(PEEP), 7 
Positive-pressure relief valve, 8 
Postanesthesia care unit (PACU), 

78-80, 92 
Post-dural-puncture headache 

(PDPH), 123-24 
Postoperative nausea and vomiting. 
See Nausea and vomiting, 
postoperative 
Power outage, 151-52 
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Pregnancy test, 55, 88 
Preoperative evaluation, 48-58 

assessment and plan based 
on, 57 

and bedside manner, 57-58 

history in, 48-53 

and informed consent, 56-57 

laboratory work in, 55 

physical examination in, 53-55 

tips on, 88 
Prep solutions, 91 
Pressure points, checking for, 90 
Pressure relief valve, 8 
Pressure-controlled ventilation, 7 
Procaine, 39 
Prochlorperazine, 83 
Promethazine, 83 
Prone position, 13-14 
Prop of ol 

as antiemetic, 85 

properties of, 34-35 
Pseudocholinesterase deficiency, 

anesthetic considerations in, 53 
Pulmonary edema, negative- 
pressure, 76 
Pulmonary examination, 55 
Pulmonary history, 49 
Pulse, monitoring of, 9-10 
Pulse oximetry, 11-12 

Radial arterial line, 103-8. See also 

Arterial line 
Rapid sequence intubation, 64 
Regional anesthesia 
epidural. See Epidural anesthesia 
and postoperative nausea and 

vomiting, 84 
spinal. See Spinal anesthesia 
Remifentanil, 37 
Renal disease, anesthetic 

considerations in, 50-51 
Report, to postanesthesia care unit 

nurse, 78-79 
Reverse Trendelenburg position, 1 5 



Rocuronium, 44, 45 
Ropivacaine, 39 

"Second gas phenomenon," 31 
Sedation 

and hypoxia, 145-46 

and need for monitoring, 93 
Serotonin antagonists, 83 
Sevoflurane, 31 
Simulator technology, 159 
"Sniffing position," 62 
Spinal anesthesia, 124-26 

dural puncture for, 125 

local anesthesia for, 125 

confirmation of, 126 
Spinal headache, 123-24 
Sterility, in operating room, 91 
Subclavian line, 109. See also 

Central line 
Succinylcholine 

and latex allergy, 143 

and malignant hyperthermia, 
42-43 

phase I and phase II block with, 41 

properties of, 41-43 

in renal disease, 50 
Suction, checking, 21 
Sugammadex, 45 

Suturing, of arterial line, 106, 107/ 
Syringe 

for central line, 110 

epidural, 117-18 

labeling of, 90 

Taping 

of arterial line, 106 

of endotracheal tubes, 23-24, 
24/, 136 

of eyelids, 71 

of IV line, 101-2, 101/ 102/ 
Teeth, physical examination of, 54 
Temperature, core 

maintenance of, 13, 91-92 

monitoring of, 12-13 
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Temperature probe, esophageal, 71 
Thiopental, 36 
Tongue depressor, 23 
Tourniquet, for IV line, 98, 99/, 101 
Tracheostomy, awake, 70 
Trendelenburg position, 15, 109-10 
Tube holders, for securing 

endotracheal tubes, 136-37 
"Tucking," 71 

Ultrasound, 159 

Uremia, anesthetic considerations 
in, 51 

Valve, fail-safe, 3, 18-19 

Vaporizer, 4, 89-90 

Vecuronium, 44 

Ventilation 

mask, of hypoxic patient, 146 
mechanical. See Mechanical 

ventilation 
pressure-controlled, 7 



volume-controlled, 6-7 
Ventilation system 

checking of, 18-21 

manual, 5-6 

mechanical, 6-8 
Ventilator 

checking of, 20-21 

jet, 21 

parts of, 7-8 
Videolaryngoscope, 68, 159 
Vital signs 

after epidural placement, 120 

monitoring of, equipment for, 
9-13 
Volume-controlled ventilation, 6-7 

"Wet tap," 122-24 

Xenon, 157-58 

Yankauer suction tip, 21 



